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NEOGENE PALEONTOLOGY IN THE NORTHERN DOMINICAN REPUBLIC 
14. Otoliths of teleostean fishes 


by 


Dirk NotrF! 
and 
Gary L. STRINGER? 


ABSTRACT 


The study of fossil otoliths has allowed us to reconstruct a teleost fauna of 84 species for the Neogene of the Cibao Valley 
area, northern Dominican Republic. Thirty-one of those could be attributed to nominal species and 53 are described in open 
nomenclature. Among the nominal species, 22 belong to Recent Central American species or very closely related species, and 
eight represent extinct species that are new: Lepophidium latesulcatum, Otophidium robinsi, Otophidium robustum, “genus 
Dinematichthyinorum” smithvanizi, “genus Dinematichthyinorum” sauli, Conodon moreauxi, Ctenosciaena latecaudata, and 
Menticirrhus chaoi. Many taxa could not be identified at the species level because the knowledge of otoliths of velated Recent 
Central American species is too restricted. Although the bulk of the material comes from the late Miocene NN11 Zone, restricted 
associations from other levels allow us to draw some paleoenvironmental conclusions for most of the levels. The association 
from the Baitoa Formation consists of very shallow-water taxa that all occur in depths of less than 50 meters. The associations 
from the Cercado Formation and from the the basal part of the Gurabo Formation consist essentially of neritic taxa that lived 
in depths of less than 50 meters. At least 11 of the taxa are also regular inhabitants of euryhaline environments such as lagoons 
or estuaries. Beside these forms, some deeper-ranging taxa also occur, but none of these are confined to soft-bottom neritic 
environments. The information available for the NN12—NN13 interval of the Gurabo Formation is very scattered. The otolith 
associations are restricted in the Mao Formation (NN14—NN15 interval), but it is possible to conclude that the environment 
was deep neritic or, more likely, upper slope. The studied fauna can be considered very close to that of the present-day Caribbean, 
except for Plotosus Lacepéde, 1803 and Lactarius Valenciennes in Cuvier and Valenciennes, 1833, which we interpret as relicts 
of the Paleogene Western Tethys fauna. In terms of both abundance in number of specimens and taxonomic diversity, the best- 
represented groups are ophidiids, haemulids, and sciaenids. These groups are also well-represented in Paleogene otolith associ- 
ations of the U. S. Gulf Coast and in the Recent Caribbean fauna. Analysis of the available data provides evidence that near the 
Oligocene-Miocene boundary, important evolutionary events affected some of the groups of Caribbean teleosts, and that in the 
concerned groups, affinities of the Neogene forms are much closer to the Recent fauna than to the Paleogene one. A weak point 
in such a statement however, is our complete ignorance of Paleogene faunas for the southern Caribbean and eastern Pacific realm, 
because the possibility exists that in these areas relatives of “modern” Central American taxa already existed in the Paleogene. 


RESUMEN 


El estudio de otolitos fésiles nos ha permitido reconstruir una fauna teleostea de 84 especies en el Neogeno del Valle Cibao, 
localizado en el norte de la Republica Dominicana. De estos taxones, treinta y uno han sido atribuidos a especies nominales y 
53 descriptos con nomenclatura abierta. Dentro de las especies nominales, vientidos pertenecen a especies centroamericanas 
recientes, 0 especies consanguineas, mientras que ocho representan nuevas especies extintas: Lepophidium latesulcatum, Oto- 
phidium robinsi, Otophidium robustum, “genus Dinematichthyinorum” smithvanizi, “genus Dinematichthyinorum” sauli, Co- 
nodon moreauxi, Ctenosciaena latecaudata, y Menticirrhus chaoi. Muchos taxones no han podido identificados a nivel especifico 
porque el conocimiento de otolitos de especies centroamericanas consanguineas recientes es demasiado restringido. Aun cuando 
la mayor parte de las muestras provienen de la zona N11 (Mioceno tardio), asociaciones restringidas de otros niveles nos permiten 
llegar a conclusiones paleoambientales para la mayor parte de los niveles. Las asociaciones de la Formacion Baitoa consisten en 
taxones de aguas muy someras localizadas a menos de 50 m de profundidad. Las asociaciones de la Formacion Cercado y de la 
parte basal de la Formacion Gurabo consisten esencialmente de taxones neriticos que vivieron en profundidades menores que 
50 m. Por lo menos 11 de los taxones son también habitantes regulares de ambientes salobres como albuferas o estuarios. Ademas 
de estas formas, también se encuentran algunos taxones que habitan aguas profundas, pero ninguno de éstos se halla confinado 
a ambientes neriticos de sedimentacion fina. La informacion disponible de las zonas NN12—NN13 de la Formacion Gurabo se 
encuentra muy dispersada. Las asociaciones otoliticas estan restringidas a la Formacion Mao (zonas NN14—NN15), pero es 
posible concluir que el paleoambiente fue neritico de aguas profundas, 0, probablemente, de la parte alta del talud continental. 
Se puede considerar a la fauna estudiada muy cercana a la actual del Mar Caribe, con excepcion de Plotosus Lacepéde, 1803 y 
Lactarius Valenciennes en Cuvier y Valenciennes, 1833, que interpretamos como relictos de la fauna paleogena del Tethys 
occidental. En términos de abundancia de especimenes y de diversidad taxondmica, los grupos mejores representados son 
ophidiidos, haemulidos, y sciaenidos. También estos grupos se hallan bien representados en las asociaciones otoliticas paleogenas 
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de la costa del golfo de Mexico de los Estados Unidos, como asi también en la fauna reciente del Mar Caribe. Analisis de los 
datos disponibles muestran evidencias de que cerca del limite Oligoceno—Mioceno, importantes eventos evolutivos afectaron a 
unos de los grupos de teledsteos del Caribe, y dentro de estos grupos, las formas Neogenas se parecen mas a las faunas modernas 
que a las del Paleogeno. Un punto débil en esta declaracion es, sin embargo, nuestra falta de conocimiento acerca de las faunas 
paledgenas de las regiones del sur de Caribe y este del Océano Pacifico, porque existe la posibilidad de que en estas areas, parientes 
de estos taxones centroamericanos ““modernos” hubieran existido en el Paleogeno. 


INTRODUCTION 


Otoliths, or ear stones, are very common fossils of 
teleostean fishes, and are present in a broad spectrum 
of sedimentary environments. They are unique among 
vertebrate fossils in the sense that they are not parts 
of the skeletons but specialized hard parts of the acous- 
tico-lateralis system. The mineral composition of oto- 
liths is calcium carbonate, not calcium phosphate like 
in bone. In most genera, otoliths are species-diagnostic 
and represent a valuable tool in the reconstruction of 
the teleostean fauna of a specific geologic period. 

In contrast to the situation in Europe, little is known 
about the otoliths in the North American Tertiary. The 
first report on North American otoliths is by Koken 
(1888), who described 23 species from Paleogene de- 
posits of the U. S. Gulf Coast. Except for some casual 
remarks (Eastman, 1904), no otolith-based faunal re- 
construction was published before the work of Frizzell 
and Dante (1965), who described 24 species resulting 
from an eclectic sampling of the U. S. Gulf Coast Pa- 
leogene. Previously, Frizzell and Lamber (1961, 1962) 
published two short articles, one on “myripristids” and 
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one on congrid otoliths from the same area and age. 
Several species described in the above cited papers 
appeared in faunal lists of two localities in the late 
Eocene of Louisiana (Stringer, 1979, 1986), but no 
formal descriptions of additional species were includ- 
ed. The above cited publications, except for Eastman 
(1904), deal with Paleogene material and although they 
are not directly related to the present study, provide 
information on the Paleogene history of teleosts in the 
Caribbean and Gulf Coast areas. 

For the Neogene of the U. S. Gulfand Atlantic coasts, 
only two relevant papers treat fossil fish otoliths: Fitch 
and Lavenberg (1983) provided a list of 45 otolith- 
based taxa, including 16 Recent species, from the Plio- 
cene of the Lee Creek Mine, North Carolina; Clarke 
and Fitch (1979), in a paper on cephalopods, referred 
to the presence of otoliths of ten fish families in the 
early Miocene Chipola Formation, about 80 km east 
of Tallahassee, Florida. In the Plio-Pleistocene of Cal- 
ifornia, the presence of many Recent eastern Pacific 
species has been reported in various publications by 
Fitch and collaborators, but those data do not pertain 
to the present topic. 
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Text-figure 1.—Geological sketch map of the Cibao Valley, northern Dominican Republic, showing areas from which samples were collected 


(Saunders, Jung and Biju-Duval, 1986, text-fig. 3, p. 7). 
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For the Central American and Caribbean, a few oto- 
liths were described by Schubert (1909), Casier (1958, 
1966).and Weiler (1959), but the only more substantial 
description of an otolith-based fauna in this area is by 
Nolf (1976) on the Neogene otoliths of Trinidad, de- 
scribing 66 teleost taxa among which 11 are Recent 
species. The only other sources of information for this 
region are a locality description of the Bowden For- 
mation of Jamaica in which some fish taxa based on 
otoliths are reported (Clarke and Fitch, 1979), and an 
annotated list of names (genus or family level), pub- 
lished by Gillette (1984) after provisional identifica- 
tions of otoliths by the late John Fitch (Gillette, 1984, 
p. 182 writes: “‘I have accepted the identifications un- 
critically .. . and prepared the annotations’’). The en- 
tire knowledge of South American fossil otoliths con- 
sists of a single sciaenid species described by Leriche 
(1938). 


This brief survey of the status of North and South 
American fossil otolith studies emphasizes the impor- 
tance of a fauna of 84 teleosts based on otoliths from 
the Dominican Republic. Identifiable otoliths have been 
recorded from 109 localities from the Neogene of the 
Dominican Republic. The stratigraphic interval that 
furnished the richest assemblages was the late Miocene 
Cercado Formation and, more generally, the late Mio- 
cene sediments that can be attributed to the NN11 
Zone. 

Detailed descriptions of the localities and their geo- 
graphic and stratigraphic position are provided by 
Saunders, Jung, and Biju-Duval (1986). However, to 
make the present study more relevant, the survey of 
the sampled areas in the Cibao Valley and the strati- 
graphic framework of the area as given by Saunders, 
Jung and Biju-Duval (1986) are presented in Text- 
figure | and Table | respectively. A complete and de- 
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Table 1.—Stratigraphic sections from six of the river valleys studied for this project, showing approximate correlations. The sections are 
arranged in geographic order, /.e., left to right = west to east (from Saunders, Jung and Biju-Duval, 1986, table 3, p. 35). 


48 BULLETIN 340 


tailed summary of the otolith-bearing localities is pre- 
sented in the Appendix. 
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SOME ANATOMICAL AND MORPHOLOGICAL 
REMARKS ON OTOLITHS 


The otoliths, statico-acoustic organs of actinopter- 
ygian and sarcopterygian fishes, are situated in the 
membraneous labyrinth located in the otic capsules of 
the neurocranium. The otoliths consist of calcium car- 
bonate, mainly in the aragonite form, and organic mat- 
ter known as otoline. On each side of the brain, inside 
the brain, there are three otoliths: one in the utriculus, 


Text-figure 2.—a, Position of otoliths in the braincase (ventral view) of Oncorhynchus mykiss (Walbaum, 1792); b, position of the otoliths 
in the labyrinth of Sa/velinus fontinalis (Mitchill, 1814), after Rosen and Greenwood (1970). ave = anterior vertical semicircular canal; he = 
horizontal semicircular canal; lo = lagenar otolith; so = saccular otolith; uo = utricular otolith; vve = posterior vertical semicircular canal. 
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one in the sacculus and one in the lagena of the lab- 
yrinth. The position of the otoliths in the neurocran- 
ium and their position in the labyrinth are shown in 
Text-figure 2. 

In nearly all teleosts (with the exception of non- 
gonorhynchiform ostariophysians), the saccular otolith 
grows much larger than the utricular or lagenar otolith. 
Except in ostariophysian fishes, the saccular otolith is 
usually the only one collected in paleontological sam- 
ples and is the usual tool for taxonomic investigations. 

All identifications in this study are based on saccular 
otoliths with the exception of the ariids, which are 
represented by utricular otoliths, and the genus Bair- 
diella Gill, 1861a, which is represented by saccular and 
utricular otoliths. When the term otolith is used in this 
study, it refers to the saccular otolith. The major mor- 
phological features of actinopterygian and paracan- 
thopterygian fish otoliths are shown in Text-figure 3. 
The major diagnostic features of an otolith are its out- 
line, the pattern and degree of incision of the sulcus 
(contact area with the sensorial epithelium), the con- 
vexity of the inner face, the convexity or concavity of 
the outer face, and the thickness. Problems concerning 
variability, ontogenetic changes, and preservation of 
otoliths are discussed extensively by Nolf (1985). 


SYSTEMATIC PALEONTOLOGY 
INTRODUCTION 


A list of all otolith-based species from the Neogene 
of the Dominican Republic with their stratigraphic po- 
sition and occurrence in the various sampled sections 
is given in Table 2. An alphabetical list of otolith-based 
species and the localities at which they occur, as well 
as their abundance at each locality in the Neogene of 
the Dominican Republic is given in the Appendix. 

The classification adopted here is the one utilized 
by Nolf (1985) in the Handbook of Paleoichthyology. 
The classification is basically the same as that of Green- 
wood et al. (1966) with some modifications as noted 
by Nolf (1985, p. 34). 

Drawings of all cited species are presented in the 
plates. In some cases, the Recent comparative material 


dorsal rim 


poantirostrum 


on which the generic identification was based is also 
figured. Additional comments are given only for new 
species or those subject to discussion. 

Studies by Nolf (1976) on the Neogene otoliths of 
Trinidad indicated clearly that various Recent species, 
especially some of those inhabiting low relief sandy 
and muddy environments or living on the continental 
slope, were already present in the Neogene of the Ca- 
ribbean area. Recent species have also been identified 
in various Neogene strata of Europe. This makes it 
difficult to decide whether a Neogene otolith, identified 
at the generic level, belongs to an extinct or an extant 
species, if the otoliths of all the Recent species of the 
genus from the concerned biogeographic area are not 
known. Therefore, the precaution has been taken not 
to introduce any new species unless otoliths of all known 
Recent Caribbean species of the genus are known. 

In several cases, specific identity could not be un- 
equivocally decided. In those cases, the abbreviation 
aff. (affinis) was inserted between the name of the genus 
and the name of the group species. The abbreviation 
cf. (confer) was used in cases where the condition of 
preservation of the otolith did not allow conclusive 
specific identification. Many taxa appear in open no- 
menclature for identification at the species level due 
to insufficient knowledge of related Recent species or 
because the fossil material is too limited or too poorly 
preserved to decide. 

Although nearly all the otoliths could easily be al- 
located to Recent genera, a few did not match any 
Recent genus known to us. Such otoliths may belong 
either to an extinct genus or to a Recent genus whose 
otoliths have not yet been described, and placing them 
in a fossil genus would thus be a purely arbitrary de- 
cision. Even in those rare cases where knowledge of 
Recent otoliths of a group is very extensive and might 
justify a fossil genus, we think that it is wise not to use 
exclusively otolith-based genera. For such species of 
uncertain generic position, the word “‘genus”’ is used, 
followed by the name of the identifiable taxonomic 
level in the plural genitive, followed by the species 
name (e.g., “genus Dinematichthyinorum” smithvan- 
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Text-figure 3.— Morphology of the inner face of a saccular otolith. A, actinopterygian type; B, paracanthopterygian type. 
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izi). This is currently practiced in papers on otolith All numbered collecting localities are those pub- 
taxonomy (for further explanation, see Nolf, 1985, p. lished in Appendices 3 and 4 of Saunders, Jung, and 
30). Biju-Duval (1986). 
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Y Rio Yaque del Norte 
Z = Arroyo Zalaya (only sample TU1227A) 


Albulidae Albula sp. Pl. (9) figsa0l se 
Congridae Ariosoma balearica (Delaroche, 1809) Pl. 9, fig. 3 
Ariosoma aff. A. selenops Reid, 1934 Pl. 9, fig. 5 
Hildebrandia flava (Goode and Bean, i896) hear ms 
Pl. 9, figs. 1i-13 
Rhechias tysanochila (Reid, 1934) Pl. 9, fig. 7 
Heterenchelyidae Pychonichthys sp. Pl. 9, figs. 8-10 
Engraulidae Engraulidae indet. Pl. 9, fig. 16 
Pl. 9, fig. 17 


Clupeidae Opisthonema sp. 


Clupeidae indet. Pl. 9, fig. 18 
Ariidae Arius <p. Pl. 10, fig. 1 
Plotosidae Plotosus sp. Pl. 10, fig. 3 
Sternoptychidae Polyipnus sp. Pl. 10, fig. i0 
Synodontidae Saurida caribbaea 3reder, 1927 Pl. 10, figs. 26, 27 
Myctophidae Diaphus aff. D. brachycephaius Taning, 1928 PL. 10), fast 11.13 

Diaphus sp. 1 Pl. 10, figs. 18-23 


Pl. 10, fig. 28 


Diaphus sp. 2 
Pl. 10, fig. 32 


Hygophum aff. H. benoiti (Cocco, 1633) 


Myctophum sp. i 
Batrachoididae Porichthys sp. oe ne fant 5 
Chaunacidae Chaunax sp. Pl. 11, fig. 4 
Bregmacerotidae Bregmaceros sp. Pl. 11, figs. 7, 8 
Macrouridae Coelorinchus caribbaeus (Goode and Bean, 1885) Pl. 1, fig. 6 

Nezumia aequalis (Giinther, 1878) Pl. 11, fig. 10 
Carapidae Carapus aff. C. bermudensis (Jones, 1874) Pl. 11, fig. 12 
Ophidiidae Brotula aff. B. clarkae Hubbs, 1944 Pl. 11, fig. 13 

Brotula sp. Pl. 11, fig. 14 


PLS EGU Ferieis Gas 
Pl. 11, figs. 16-19 
Pls 12) Ligeaao 
Pl. 12, fig. 6 

Pl. 12, fig. 10 
PLS 2p gees 
Pl. 12, figs. 11, 12 
PL. 12,5 figs: 750s: 
BIR hy Fe 3le) 
Pl. 12, fig. 20 
Plo 2, tigecs 
Pl. 12, fig. 19 
Pl. 12, fig. 24 
Pl. 12, fig. 25 
Pl. 12, fig. 26 
Pl. 12, fig. 28 
Pl. 12, fig. 29 
Pl. 13, figs. 35 
Pl. 13, ‘figs9 

PL iS peatland 

Pl. 13, fig. 2 

Pl. 13, fig. 10 


Lepophidium latesulcatum, n. sp. 
Otophidium robinsi, n. sp. 
Otophidium robustum, n. sp. 
Parophidion aff. P. schmidti (Woods and Kanazawa, 1951) 
Neobythites gillii Goode and Bean, 1885 
Neobythites marginatus Goode and Bean, 1886 
Bythitidae "genus Dinematichthyinorum” smithvanizi, n. sp. 
"genus Dinematichthyinorum™ sauli, n. sp. 
Atherinidae Atherinomorus stipes (Miller and Trotschel, 1847) 
Hemiramphidae Euleptorhamphus sp. 
Hemiramphus aff. H. brasiliensis (Linnaeus, 1758) 
Hyporhamphus aff. H. unifasciatus (Ranzani, 1842) 
Polymixiidae Polymixia sp. 
Holocentridae Holocentrus sp. 
Scorpaenidae Scorpaenidae indet. 
Triglidae Prionotus sp. 
Centropomidae Centropomus sp. 
Serranidae Centropristis sp. 
Epinephelus sp. 
Diplectrum sp. 
Priacanthidae Pristigenys sp. 
Apogonidae Apogon sp. 1 


Apogon sp. 2 Pl. 13, fig. 13 
Apogon sp. 3 Pl. 13, figs. 15, 16 
Apogon sp. 4 Pl. 13, fig. 12 
Epigonus sp. Pl. 13, figs 11 
Lactariidae Lactarius sp. Pl. 13, fig. 14 
Lutjanidae Lutjanus aff. L. campechanus Poey, 1861 Pl. 13, fig. 21 


Pl. 13, figs. 19, 20 
Pl. 14, figs. 24 
Pl. 14, fig. 7 

Pl. 14, fig. 10 

Pl. 14, figs. 12, 13 
Pl. 14, fig. 14 

Pl. 15, figs. 46 
Pl. 14, figs. 16-19 
Pl. 14, figs. 8, 9 
Pl. 15, fig. 2 

Pl. 16, figs. 6, 7 
Pl. 16, fig. 12 

Pl. 16, fig. 9 

Pl. 16, figs. 3, 5 
Pl. 16, fig. 4 


Ocyurus aff. O. chrysurus (Bloch, 1791) 
Pristipomoides sp. 
Gerreidae Eucinostomus sp. 1 
Eucinostomus sp. 2 
Moharra rhombea (Cuvier, 1829) 
Pomadasyidae Anisotremus sp. 
Conodon moreauxi, n. sp. 
Haemulon sp. 
Pomadasys sp. 
Sciaenidae Bairdiella ronchus (Cuvier, 1830) 
Ctenosciaena latecaudata, n. sp. 
Larimus breviceps Cuvier, 1830 
Menticirrhus chaoi, n. sp. 
Ophioscion sp. 1 
Ophioscion sp. 2 


Paredes sp. Pl. 16, figs. 13, 14 
ir a sp. Pl. 16, fig. 18 
Mugilidae Mugil sp. Pl. 15, fig 11 
Sphyraenidae Sphyraena sp. Pl v7, fig. 1 


Pl. 15, fig. 13 
Pl. 15, figs. 7, 9 
PL 17, tig 
Pl. 17, fig. 4 
Pl. 17, fig. 12 
Pl tt gais 
Pl. 17, fig. 14 


Polydactylus sp. 
Opisthognathidae Lonchopisthus micrognathus (Poey, 1861) 
Dactyloscopidae Dactyoscopidae indet. 
Clinidae Labrisomus sp. 
Gobiidae Gobiidae sp. 1 
Gobiidae sp. 2 
Gobiidae sp. 3 


Bothidae Bothidae indet. 
528! : 
Pleuronectidae ? Pleuronectidae indet. a ep Pe aa 
Soleidae Soleidae indet. Pl. v7, figs rhs SIE) 
Cynoglossidae Cynoglossidae indet. Pl. Vv, fig ‘WW ; 
elt, 5 


Table 2.—List of teleost species represented by otoliths in the Neogene of the Dominican Republic. 
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DESCRIPTION OF NEw SPECIES AND 
REMARKS ON TAXA REQUIRING COMMENTS 


Genus PLOTOSUS Lacepéde, 1803 


Plotosus species 
Plate 10, figure 3 


The presence of the Indo-Pacific genus Plotosus La- 
cepéde, 1803 in the Caribbean Neogene seems odd in 
terms of biogeographic affinity. However, the mor- 
phological resemblance between fossil utricular oto- 
liths from the Dominican Republic (Pl. 10, fig. 3) and 
those of the Recent species Plotosus anguillaris (Bloch, 
1794) [Pl. 10, fig. 2] are so strong that the affinity of 
the fossils can hardly be denied. The catfish genus Plo- 
tosus occurs in nearly all neritic, estuarine, and even 
fresh waters of the Indo-Pacific area, the Australian 
realm, and the Pacific plate (see Berra, 1981). The pres- 
ence of Plotosus is interpreted as a relict element of 
the ancient Western Tethys fauna. 


Genus DIAPHUS Eigenmann and Eigenmann, 1890 


Although not common in the Neogene of the Do- 
minican Republic, myctophid otoliths, especially those 
of the genus Diaphus, have been found at several lo- 
calities. Diaphus, the most speciose myctophid, is me- 
sopelagic, occurring mainly between 200 and 1000 me- 
ters in depth. At night, most of the species migrate 
vertically and are commonly found near the surface. 
While on the surface, myctophid species may be car- 
ried by currents to the continental platform or may be 
eaten by epipelagic predators that may excrete the oto- 
liths of their prey in neritic environments. Therefore, 
the otoliths of Diaphus are often found in neritic areas 
that are broadly exposed to the oceanic realm. 

Problems concerning the identification of Diaphus 
otoliths have been discussed at length by Nolf and 
Steurbaut (1988) and Nolf and Cappetta (1989). The 
major problems are that extensive series of large oto- 
liths are required to find good species-diagnostic cri- 
teria, and that some species have otoliths with such 
generalized morphology that not even large specimens 
seem to be diagnostic. 

In the Neogene Dominican Republic material, there 
are at least three species of Diaphus. One of them (PI. 
10, figs. 1 1-13) seems to be closely related to the Recent 
species Diaphus brachycephalus Taning, 1928 (PI. 10, 
figs. 4-9). The two other species are identified as Dia- 
phus sp. 1 and Diaphus sp. 2. A series of Diaphus sp. 
1 specimens is shown in Plate 10, figures 18-23. These 
specimens may constitute a new species, but more ex- 
tensive samples of large otoliths are required to assure 
the homogeneity of the series. The best preserved spec- 
imens of the series are in figures 22 and 23 of Plate 
10. These specimens are characterized by a well-de- 


veloped anterior and central portion of the dorsal area 
and by a marked notch at the transition of the dorsal 
and posterior rim. The narrow anteroventral area seems 
to be a constant feature also. Diaphus sp. 2 (Pl. 10, fig. 
28) is a small specimen that cannot be considered a 
juvenile of Diaphus aff. Diaphus brachycephalus or 
Diaphus sp. | because of its shape and strong postero- 
dorsal angle. However, it lacks further diagnostic fea- 
tures to allow more specific identification. 


Genus PORICHTHYS Girard, 1854 


Porichthys species 
Plate 11, figure 3 


In otoliths of the genus Porichthys Girard, 1854, 
there is a marked ontogenetic change in the outline of 
the dorsal rim. Those of juveniles have a non-exca- 
vated dorsal rim and show only a marked postero- 
dorsal angle, whereas those of adults have a strongly 
developed posterodorsal expansion and a concave cen- 
tral portion of the dorsal rim. Adult characteristics are 
evident in the specimen of Porichthys myriaster Hubbs 
and Schultz, 1939, figured by Nolfand Steurbaut (1989). 
The fossil figured in the present study is a good example 
of the juvenile morphology. Although Porichthys oto- 
liths are not very diagnostic at this juvenile stage, the 
late Miocene otoliths from the Dominican Republic 
belong to a different species than the small Porichthys 
otoliths from the early Miocene Brasso and Nariva 
formations of Trinidad figured by Nolf (1976). The 
Trinidad specimens have a much more salient poste- 
rior end. However, reexamination of the Trinidad ma- 
terial revealed that an unfigured specimen from the 
Springvale Formation cited by Nolf (1976) from Sam- 
ple KR 11862 probably belongs to the same species as 
the late Miocene material from the Dominican Re- 
public. 


Genus BROTULA Cuvier, 1829 


The genus Brotula is represented by two species in 
the Dominican Republic Pliocene deposits. One (PI. 
11, fig. 13) seems closely related, if not identical, to 
the Recent species Brotula clarkae Hubbs, 1944 (see 
Nolf, 1980, pl. 2, fig. 3 for comparative Recent ma- 
terial). Brotula clarkae is presently restricted to the 
Pacific Central American coasts. Otoliths of Brotula 
clarkae are very diagnostic because they are the only 
Brotula species with a salient rostrum. 

A second species of Brotula (Pl. 11, fig. 14) is rep- 
resented by a relatively short, thick otolith that does 
not match either those of the Recent Atlantic species 
Brotula barbata (Bloch and Schneider, 1801) (see Nolf, 
1980, pl. 2, figs. 1, 2) or Brotula clarkae. This otolith 
agrees much better with the morphology of the Recent 
Indo-Pacific species Brotula multibarbata (Temminck 
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and Schlegel, 1846) (see Nolf, 1980, pl. 2, figs. 4, 5). 
However, since the otoliths of the Recent Peruvian 
species Brotula ordwayi Hildebrand and Barton, 1949 
and of the western Pacific species Brotula townsendi 
Fowler, 1900 are not known, it can only be stated that 
this otolith belongs to a species that is more closely 
related to present-day Indo-Pacific species than to At- 
lantic and Central American ones. 

Although otoliths of Brotula barbata, the only Re- 
cent Atlantic species of the genus, do not occur in the 
Dominican Republic Neogene, it should be noted that 
the species is known from the lower Miocene of Trin- 
idad (Nolf, 1976) and from the Pliocene of North Car- 
olina (Fitch and Lavenberg, 1983). 


Genus LEPOPHIDIUM Gill, 1895 


Lepophidium latesulcatum, new species 
Plate 11, figure 11 


Type material.—Holotype, NMB P62, a left otolith 
(Pl. 11, fig. 11) from loc. NMB 15878. Paratypes are 
from the following localities (each locality number is 
followed by the number of specimens in parentheses): 
NMB 15805 (1), 15896 (1), 15873 (1), 15900 (7), 15903 
(8), 15904 (5), 15906 (2), 15907 (3), 15914 (1), 15915 
(2), 16854 (2), 16856 (1), 16857 (4), 16912 (1), 16914 
(2), 16915 (2), 16917 (13), 16918 (9), 16922 (2), 16923 
(21), 16924 (5), 16926 (1), 16927 (4), 16928 (1), 16930 
(8), 16932 (4), 16935 (2), 17003 (2), 17009 (1), 17268 
(1), 17269 (1); TU 1206 (2), 1219 (1), 1225 (1), 1227A 
(129), 1230 (4), 1250 (3), 1293 (2), 1294 (25), 1343 
(2), 1358 (1), 1373 (1), 1378 (1), 1379 (3), 1405 (1), 
1419 (3). 

Dimensions of the holotype.— Length: 4.9 mm; height: 
3.2 mm; thickness: 1.7 mm. 

Type locality.—Locality NMB 15878 in the Rio 
Gurabo section; Gurabo Formation, late Miocene 
NNI11 Zone. This species also occurs in the Baitoa 
Formation and at many localities throughout the 
NN11-NN14 interval. 

Etymology of name.—L. latesulcatus, a, um = with 
a wide sulcus. 

Diagnosis.— This species is characterized by robust, 
thick otoliths, which are readily distinguished from 
those of related Recent species of the genus by the very 
wide posterior end of their sulcus. They have a marked 
spiniform posterior process that in ventral view lies 
below the main plane of the otolith. The outer face is 
convex and smooth; the inner face consists of a regular, 
bulging main plane with an oval outline, an antero- 
dorsal process and a posterior spine that lies slightly 
deeper than the main plane. The incision of the sulcus 
is very superficial, and the sulcus is filled with regular 
colliculum, making the ostial and caudal division bare- 
ly discernable. The ostium is much longer than the 


cauda and shows a gradual enlargement towards the 
posterior end. 

Relationships.—There are 13 described Caribbean 
and tropical eastern Pacific Recent Lepophidium species 
and eight undescribed tropical Atlantic species (fide C. 
Robins, written commun., 1991), and otoliths are 
available for all of them. Those of Lepophidium stau- 
rophor Robins, 1959a (see Nolf, 1980, pl. 4, figs. 10, 
11) and Lepophidium kallion Robins, 1959b (see Nolf, 
1980, pl. 3, fig. 12) seem to be most closely related to 
Lepophidium latesulcatum, but these are easily distin- 
guished from the latter by the more narrow posterior 
end of the ostium. 


Genus OTOPHIDIUM Gill in Jordan, 1885 


Otophidium robinsi, new species 
Plate 11, figures 16-19 


Type material.— Holotype, NMB P68, aright otolith 
(Pl. 11, fig. 19) from loc. TU 1359; three figured para- 
types, NMB P66, NMB P67, and NMB 69 (PI. 11, figs. 
16-18) from locs. TU 1359, TU 1359, and NMB 15905, 
respectively. Paratypes have been recorded from the 
following localities (each locality number is followed 
by the number of specimens in parentheses): NMB 
15876 (1), 15896 (1), 15897 (1), 15904 (4), 15905 (7), 
15906 (1), 15907 (2), 15910 (2), 15911 (1), 15915 (2), 
16837 (3), 16915 (1), 16917 (1), 16923 (4), 16926 (1), 
17005 (2); TU 1230 (1), 1294 (5), 1358 (17), 1359 (13), 
1373 (12), 1377 (1), 1405 (1), 1419 (1). 

Dimensions of the holotype.— Length: 2.8 mm; height: 
2.3 mm; thickness: 0.9 mm. 

Type locality.—Locality TU 1359 in the Rio Gurabo 
section; Cercado Formation, late Miocene NN11 Zone. 
This species also occurs in the late Miocene NN1I1 
interval in the Rio Cana and Rio Amina sections. 

Etymology of name.—This species is named after 
C. R. Robins (Miami, FL) to honor his numerous con- 
tributions to Caribbean ichthyology. 

Diagnosis.—Otoliths of this species are character- 
istically massive and robust, with a nearly circular out- 
line, except for their pointed posterior end and, in 
several specimens, a slight posterodorsal angle. The 
ventral profile of the otolith is very characteristic, 
showing clearly that the greatest thickness is located at 
the posterior end. The outer face is slightly convex and 
shows an entirely smooth surface. The inner face shows 
a regularly bulging plane, and the sulcus is rather long 
and narrow. The sulcus consists of a long ostium that 
is equally wide over the whole length and a short cauda 
that is only differentiated from the ostium by a notch 
in the crista inferior. Incision of the sulcus is very 
superficial and undifferentiated colliculum fills nearly 
the whole sulcus . In a few specimens, there is a vague 
furrow in the colliculum that extends from near the 
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ostial-caudal junction of the crista inferior in an 
anterodorsal direction. 

Relationships.—There are five Recent species in the 
genus Otophidium: O. chickcharney Bohlke and Ro- 
bins, 1959 (see Nolf, 1980, pl. 5, fig. 18); O. dormitator 
Bohlke and Robins, 1959 (Pl. 11, fig. 15); O. indefa- 
tigable Jordan and Bollman, 1890 ; O. omostigmum 
(Jordan and Gilbert, 1883); and an undescribed species 
(UMML 29310). Otoliths of O. robinsi differ from those 
of the first three species by a more circular outline; the 
last two species have otoliths with a more circular out- 
line, but they differ from those of O. robinsi by a more 
strongly developed anterodorsal portion. 


Otophidium robustum, new species 
Plate 12, figures 4, 5 

Type material.— Holotype, NMB P71, aright otolith 
(Pl. 12, fig. 4) from loc. NMB 16837; one figured para- 
type, NMB P72 (PI. 12, fig. 5) from loc. NMB 16832. 
Paratypes have been recorded from the following lo- 
calities (each number is followed by the number of 
specimens in parentheses): NMB 15910 (1), 16832 (3), 
16835 (1), 16837 (1), 16844 (1); TU 1250 (1). 

Dimensions of the holotype.— Length: 2.4 mm; height: 
1.8 mm; thickness: 0.9 mm. 

Type locality.— Locality NMB 16837 in the Cercado 
Formation of the Rio Cana section. This species is also 
known from several localities in the upper Miocene of 
Rio Cana and Rio Gurabo and from locality TU 1250 
(Gurabo Formation, without an exact stratigraphic 
placement, in the Rio Verde). 

Etymology of name.—L. robustus, a, um = robust; 
refers to the very massive, thick otolith. 

Diagnosis.—This species is characterized by very 
thick otoliths with an ovoid outline, the largest side of 
the ovoid being the anterior. The posterior end is reg- 
ularly rounded, without any formation of a spiniform 
process. The greatest thickening is located in the pos- 
terior portion of the otolith. The profile of the ventral 
rim is sharp, and the profile of the dorsal rim is very 
blunt. The outer face is regularly smooth and convex 
while the inner face is regularly bulging. The sulcus on 
the inner face is rather wide with a long ostial and a 
short caudal portion. The caudal portion of the sulcus 
is slightly bent in a ventral direction. The ostial—caudal 
division is only clear in the crista inferior. The incision 
of the sulcus is very superficial. The sulcus is filled with 
one single colliculum without clear division into ostial 
and caudal portions. 

Relationships.—Otoliths of Otophidium robustum 
can be distinguished immediately from those of Oto- 
phidium robinsi, n. sp. and those of all Recent Oto- 
phidium species by their greater thickness. Although 
none of the available specimens has a posterior spi- 
niform process, the structure can be expected in larger 


otoliths because it is related to the ontogenetic devel- 
opment in the genera Otophidium and Lepophidium 
Gill, 1895 (see Nolf, 1985, text-fig. 8a). At a size below 
3 mm in length, otoliths of Otophidium robustum can 
be distinguished from those of Otophidium robinsi, 
which occurs in the same strata, by the lack of a pos- 
terior spine. 


Genus NEOBYTHITES Goode and Bean, 1885 


Neobythites gillii Goode and Bean, 1885 
Plate 12, figure 10 
Neobythites gillii Goode and Bean, 1885, p. 601; Nolf, 1985, p. 66. 
Neobythites marginatus Goode and Bean, 1886. Nolf, 1980, p. 142 


(not of Goode and Bean, 1886). 
Neobythites sp. Nolf, 1976, pl. 5, fig. 12. 


A Neobythites otolith from the early Miocene Brasso 
Formation in Trinidad was referred to as Neobythites 
marginatus based on a single Recent otolith of that 
species figured by Nolf (1980, pl. 10, fig. 9). More 
extensive series of both the Recent species Neobythites 
marginatus and Neobythites gillii are now available. 
These series show clearly that the Recent otolith avail- 
able in 1980 can be considered as marginal in the vari- 
ability of Neobythites marginatus. Recent otoliths of 
these two species are shown in Plate 12, figures 1, 2 
and Plate 12, figure 9, respectively. A comparison of 
the morphology of these two species with the figure of 
Nolf (1976, pl. 5, fig. 12) shows clearly that this fossil 
otolith belongs to Neobythites gillii. In the Dominican 
Republic, otoliths of Neobythites gillii are known only 
from the Mao Formation, probably due to the deeper 
facies represented by this deposit. 


Tribe DINEMATICHTHYINIE 


“genus Dinematichthyinorum”’ sauli, new species 
Plate 12, figures 7, 8 


Type material.—Holotype, NMB P74, a left otolith 
(Pl. 12, fig. 7) from loc. TU 1227A; one figured para- 
type, NMB P75 (PI. 12, fig. 8) from loc. NMB 17268; 
and one paratype from loc. TU 1405. 

Dimensions of the holotype.— Length: 3.0 mm; height: 
1.5 mm; thickness: 0.6 mm. 

Type locality.—Locality TU 1227A from the Arroyo 
Zalaya section; turbidity lens in sediments of the Plio- 
cene, NN14 Zone. One paratype is from the Rio Yaque 
del Norte section, loc. NMB 17268, Gurabo Forma- 
tion, Pliocene, NN12 Zone. The exact stratigraphic 
position of the paratype from loc. TU 1405 is not 
known. 

Etymology of name.—This species is named after 
W. G. Saul of Philadelphia, Pennsylvania. 


> See discussion on p. 49. 
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Diagnosis.— Otoliths of this species have a generally 
elliptical outline with two slight concavities in the dor- 
sal rim. One concavity is situated anteriorly, just above 
the rostrum, and the other is located in the posterior 
part of the dorsal rim. The outer face is smooth and 
slightly convex. The inner face is slightly more convex 
with an elliptical sulcus without any division into ostial 
and caudal portions. The sulcus does not reach the 
anterior rim. However, a rudimentary track ofan ostial 
channel can be observed in some specimens such as 
the holotype. The whole sulcus is filled with regular 
colliculum. There is a small depression in the dorsal 
area just above the sulcus. 

Relationships.— Otoliths of this species seem to be 
most closely related to those of the Recent Brotulina 
sp. from Queensland, Australia figured by Nolf (1980). 
However, no diagnostic features to distinguish the oto- 
liths of the genera Brotulina Fowler, 1946 and Der- 
matopsis Ogilby, 1896 (see Nolf, 1980) could be found. 
Therefore, no relationship to any Recent genera Is pro- 
posed here. Furthermore, neither one of the above 
named genera has yet been identified in the Caribbean 
area. Also, the whole tribe of Recent Dinematichthyini 
is in need of revision. Otoliths of “genus Dinemati- 
chthyinorum” sau/i can easily be distinguished from 
those of the other species of Dinematichthyini from 
the Dominican Republic Neogene, “genus Dinemati- 
chthyinorum” smithvanizi, by their less elongated oto- 
liths and relatively larger sulcus. 


“genus Dinematichthyinorum” smithvanizi, 
new species 
Plate 12, figures 11, 12 


Type material.— Holotype, NMB P78, a right otolith 
(Pl. 12, fig. 12) from loc. TU 1227A; one figured para- 
type, NMB P77 (PI. 12, fig. 11) from loc. NMB 15864; 
and three paratypes from loc. TU 1227A. 

Dimensions of the holotype.— Length: 3.3 mm; height: 
1.4 mm; thickness: 0.6 mm. 

Type locality.—Locality TU 1227A from the Arroyo 
Zalaya section; turbidity flow lens in the Pliocene, NN14 
Zone. One paratype is from loc. NMB 15864 in the 
Rio Gurabo section; Gurabo Formation, late Miocene, 
NNI11 Zone. 

Etymology of name.—This species is named after 
Dr. W. F. Smith-Vaniz of Philadelphia, Pennsylvania. 

Diagnosis.—This species is characterized by very 
elongate otoliths with slightly aculeate anterior and 
posterior ends. The outer face is smooth and convex. 
The inner face is also convex with a very short sulcus 
(about one-third of the total otolith length). The sulcus 
has an oval outline and is connected to the anterior 
rim by a rudimentary ostial channel. The crista su- 
perior is slightly salient. The entire sulcus is filled with 
regular, undivided colliculum. 


Relationships.—See discussion under “‘genus Dine- 
matichthyinorum” sauli, n. sp. 


Genus APOGON Lacepéde, 1801 


Apogonid otoliths have been recorded at many lo- 
calities in the Dominican Republic Neogene. Various 
Recent Apogon otoliths figured by Nolf (1985, text-fig. 
12) illustrate that specific features are not very diag- 
nostic in this genus and that species are differentiated 
by minor differences in outline. Therefore, fossil apo- 
gonid species can be evaluated only on the basis of 
well-preserved and abundant material. Due to this rea- 
son and to the incomplete knowledge of Recent Ca- 
ribbean apogonid otoliths, all Apogon otoliths are placed 
in open nomenclature. In the localities sampled in this 
study, four species [Apogon sp. 1 (Pl. 13, fig. 10); Apo- 
gon sp. 2 (Pl. 13, fig. 13); Apogon sp. 3 (Pl. 13, figs. 
15, 16); and Apogon sp. 4 (Pl. 13, fig. 12)] were rec- 
ognized, with Apogon sp. 3 being the most common. 
Apogonid otoliths have also been identified from the 
Miocene of Trinidad (Nolf, 1976) and from the Mio- 
cene of Jamaica (Stringer, unpublished data). 


Genus LACTARIUS Valenciennes 
in Cuvier and Valenciennes, 1833 


Lactarius species 
Plate 13, figure 14 


As in the case of Plotosus Lacepéde, 1803, the pres- 
ence of the Indo-Pacific genus Lactarius seems odd in 
the context of biogeographic affinity. It is believed, as 
in the case of Plotosus, that Lactarius is an example 
ofa relict element from the ancient Tethys fauna. Fossil 
Lactarius otoliths are known from the middle Eocene 
of Barbados, from the United States Gulf Coast Pa- 
leogene, from the European Paleogene (see Nolf, 1985) 
and from the Miocene of Portugal and Aquitaine, 
southwest France (see Steurbaut, 1984). They also have 
been recorded from many Paleogene localities of the 
U. S. Gulf Coast (Nolf, unpublished data). 


Genus CONODON Cuvier 
in Cuvier and Valenciennes, 1830 


Conodon moreauxi, new species 
Plate 15, figures 4-6 


Type material.— Holotype, NMB P1 16, a left otolith 
(Pl. 15, fig. 4) from loc. NMB 15910; two figured para- 
types, NMB P117 and P118 (Pl. 15, figs, 5, 6) from 
locs. NMB 16918 and TU 1359, respectively. Para- 
types have been recorded from the following localities 
(each locality is followed by the number of specimens 
in parentheses): NMB 15903 (1), 15904 (1), 15915 (2), 
16917 (1), 16918 (2 [including the figured paratype]), 
16923 (1); TU 1294 (1), 1359 (1). 
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Dimensions of the holotype.—Length: 10.1 mm; 
height: 6.1 mm, thickness: 2.2 mm. 

Type locality.—Locality NMB 15910 in the Rio 
Gurabo section, Cercado Formation, late Miocene 
NN11 Zone. This species is known only from the late 
Miocene NN11 Zone of the Rio Gurabo and Rio Mao 
sections. 

Etymology of name.—This species is named after F. 
Moreaux, who contributed numerous Recent otoliths 
from Haiti for this study. His contributions signifi- 
cantly increased the taxonomic accuracy of this paper. 

Diagnosis.—Otoliths of this species are thick and 
have a very marked convex inner face. The outer face 
is nearly flat dorsoventrally but concave anteroposte- 
riorly. The outer surface is characterized by some 
slightly salient crestlike tubercles. The sulcus consists 
of a rather long and narrow ostium that is filled with 
flat, regular colliculum and a much more narrow, deep- 
ly incised cauda. The posterior half of the cauda is bent 
downward towards the ventral margin. The central part 
of the dorsal margin is markedly angular, and both the 
rostral and the posterior portions of the otolith are 
aculeate. 

Relationships.—There are only two Recent Conodon 
species: Conodon serrifer Jordan and Gilbert, 1883 (PI. 
15, fig. 3) from the Pacific side of Central America and 
the Gulf of California, and Conodon nobilis (Linnaeus, 
1758) (Pl. 15, figs. 1, 2) from the Caribbean area. Oto- 
liths of Conodon moreauxi are distinguished from those 
of Conodon serrifer, which are more elongate, have a 
shorter ostium, and have a truncated posterior end. 
Otoliths of Conodon moreauxi are more closely related 
to those of Conodon nobilis, but differ from them by 
their more slender outline, more aculeate anterior and 
posterior ends, and a more narrow sulcus. 


Genus HAEMULON Cuvier, 1829 


Haemulon species 
Plate 14, figures 16-19 


Otoliths of Haemulon Cuvier, 1829 are common 
fossils at most localities in the Cercado Formation and 
in the Miocene part of the Gurabo Formation. A few 
specimens have also been recorded from the Miocene 
Baitoa Formation and from a turbidity lens (loc. TU 
1227A) in the Pliocene NN14 Zone of Arroyo Zalaya. 
Haemulon otoliths are also known from the Miocene 
Brasso and Manzanilla formations of Trinidad (Nolf, 
1976) as well as the Miocene Chipola Formation of 
Florida (Stringer, unpublished data). 

At least 17 Recent Haemulon species inhabit the 
neritic environments of tropical Central America. 
Therefore, more than one species is probably present 
in the Neogene Dominican Republic material. Unfor- 


tunately, the fossil specimens are too small to be of 
diagnostic value. This problem is discussed by Nolf 
and Lapierre (1979) and Nolf (1985). 


Genus CTENOSCIAENA Fowler and Bean, 1923 


Ctenosciaena latecaudata, new species 
Plate 16, figures 6, 7 


Type material.—Holotype, NMB P127 (PI. 16, fig. 
6) from loc. NMB 15903; one figured paratype, NMB 
P128 (Pl. 16, fig. 7) from loc. NMB 15907. Paratypes 
have been recorded from the following localities (each 
locality is followed by the number of specimens in 
parentheses): NMB 15900 (2), 15903 (1), 15904 (1), 
15907 (1), 15912 (1), 16832 (1), 16837 (1), 16855 (1), 
16914 (1), 16923 (2); TU 1292 (1), 1294 (1), 1363 (1). 

Dimensions of the holotype.— Length: 9.4 mm; height: 
7.1 mm; thickness: 3.9 mm. 

Type locality.—Locality NMB 15903 from the Cer- 
cado Formation, late Miocene NN11 Zone of the Rio 
Gurabo section. This species has also been recorded 
from the Baitoa Formation and from the Miocene 
NN11 Zone in the Rio Cana and Rio Mao sections. 

Etymology of name.—L. latecaudatus, a, um = with 
a large cauda. 

Diagnosis.—This species is characterized by short, 
massive otoliths with a rounded to subtriangular shape. 
The greatest thickness is located in the dorsal half. The 
outer face is markedly convex, especially dorsoven- 
trally. The ventral margin forms a sharp angle in a 
dorsoventral view. The dorsal margin almost forms a 
right angle at the junction of the inner face and the 
upper part of the outer face. The inner face is slightly 
convex. The sulcus is formed by a wide subcircular 
ostium with very flat colliculum and a large, deep cau- 
da with a ventrally bent posterior end. The horizontal 
portion of the cauda is always longer than the vertical 
portion. The angle between the horizontal and vertical 
portions of the cauda is always greater than 90°. The 
posterior portion of the cauda is slightly enlarged. There 
is a small depression in the area just above the cauda. 

Relationships.—Otoliths of Ctenosciaena latecau- 
data are easily distinguished from those of Ctenos- 
ciaena gracilicirrhus (Metzelaar, 1919), which is the 
only Recent Caribbean species of that genus (see Nolf, 
1976, pl. 8, fig. 1). Ctenosciaena gracilicirrhus has a 
more narrow cauda and the vertical portion of the 
cauda joins the horizontal portion at an angle of less 
than 90°. Although only Formalin-eroded specimens 
of the eastern Pacific Recent species Ctenosciaena pe- 
ruviana Chirichigno, 1969 have been studied, this 
species seems to have a more elongated ostium than 
Ctenosciaena latecaudata. 
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Genus LARIMUS Cuvier 
in Cuvier and Valenciennes, 1830 


Larimus breviceps Cuvier 
in Cuvier and Valenciennes, 1830 
Plate 16, figure 12 


Larimus breviceps Cuvier, 1830. Nolf, 1976, p. 730, pl. 7, figs. 8— 
10. 


This Recent Caribbean species is one of the most 
common otoliths in the Cercado Formation (Rio Cana, 
Gurabo and Mao sections) and is also recorded from 
locality TU 1227A (NN14 of the Pliocene), a turbidity 
flow lens in the Arroyo Zalaya section. In Trinidad, it 
is known from the Miocene Tamana and Manzanilla 
formations. 


Genus MENTICIRRHUS Gill, 1861b 


Menticirrhus chaoi, new species 
Plate 16, figure 9 


Type material.—Holotype, NMB P129 (Pl. 16, fig. 
9) from loc. NMB 15904. Paratypes have been re- 
corded from the following localities (each locality is 
followed by the number of specimens in parentheses): 
NMB 15896 (1), 15900 (1), 15907 (1); TU 1358 (1). 

Dimensions of the holotype.— Length: 5.8 mm; height: 
2.9 mm; thickness: 1.4 mm. 

Type locality.— Locality NMB 15904 in the Cercado 
Formation of the Rio Gurabo section, late Miocene 
NN11 Zone. 

Etymology of name.—This species is named after 
L. N. Chao of Brazil in honor of his work on the sys- 
tematics of western Atlantic sciaenids. 

Diagnosis.—Otoliths of this species are robust and 
have a trapezoidal shape. The greatest thickness of the 
otolith is situated in the posterior half. The outer face 
shows some rudiments of large tubercles. The inner 
face is slightly concave with a sulcus that is formed by 
an elongate ostium and a cauda with an anterior hor- 
izontal portion and posterior vertical portion. In the 
crista inferior, the angle between these horizontal and 
vertical portions 1s well-developed and is less than 90°. 
The caudal crista superior is uniformly bent. The cen- 
tral portion of the dorsal margin forms an obtuse angle. 

Relationships.—There are three Recent Caribbean 
species of Menticirrhus: Menticirrhus americanus (Lin- 
naeus, 1758) (PI. 16, fig. 8), Menticirrhus saxatilis (Bloch 
and Schneider, 1801) (Pl. 16, fig. 10) and Menticirrhus 
littoralis (Holbrook, 1860) (PI. 16, fig. 11). The otoliths 
of Menticirrhus chaoi are relatively higher than those 
of the Recent species, and they are also readily distin- 
guished from them by the combination of features of 
the outline. 


Genus OPHIOSCION Gill, 1863 


There are two different Ophioscion species in the 
Dominican Republic Neogene. They are readily dis- 
tinguished by differences in the shape of their ostium 
and by their outline (Pl. 16, figs. 3, 4), but too little is 
known about the otoliths of Recent Central American 
species of Ophioscion to allow specific identifications. 
Ophioscion sp. 2 is the only element in the Baitoa fauna 
whose stratigraphic range is restricted to that forma- 
tion. 

The utricular otoliths of the sciaenid genera Ophios- 
cion Gill, 1863, Bairdiella Gill, 1861a, Odontoscion 
Gill, 1862a, and Stellifer Oken (ex Cuvier), 1817 attain 
fairly large size. These utricular otoliths are figured and 
discussed by Chao (1978). Utricular otoliths of the 
Ophioscion type are present in the Dominican Repub- 
lic Neogene material. Specimens from the Cercado 
Formation (PI. 16, fig. 5) probably belong to Ophios- 
cion sp. 1 since this is the only Ophioscion species 
represented there. A single incomplete specimen from 
the Baitoa Formation is markedly shorter. This spec- 
imen probably belongs to Ophioscion sp. 2 for the same 
reason. (Association with the saccular otoliths means 
that they should have been found together in a skull.) 


Genus PAREQUES Gill in Goode, 1876 


Pareques species 
Plate 16, figures 13, 14 


In his revision of the Recent western Atlantic sciaen- 
ids, Chao (1978) regarded the genus Pareques Gill in 
Goode, 1876 as distinct from Equetus Rafinesque, 
1815, but his view is not shared by others such as 
Robins et a/. (1980) and Robins, Ray, and Douglass 
(1986). Examination of saccular otoliths of all the Re- 
cent species of Pareques, such as Pareques acuminatus 
(Bloch and Schneider, 1801) (Pl. 16, fig. 16), indicates 
that these species have a very elongate ostium, while 
Equetus species have a subquadrangular ostium (PI. 
16, figs. 15, 17). As these features correlate with the 
ones used by Chao (1978) to decide on the species 
content of both genera, the distinction of the two genera 
is maintained here. Although our fossil material (PI. 
16, figs. 13, 14) is too eroded to allow any specific 
identification, the elongate ostium undoubtedly refers 
the otoliths to Pareques. 


Family GOBIIDAE Bonaparte, 1832 


Problems related to the identification of gobiid oto- 
liths have been treated at length by Nolf (1985, pp. 98, 
99). In order to demonstrate even more clearly the 
inanity of rigorous otolith-based identification at- 
tempts in this family, six otoliths of the Recent species 
Nes longus (Nichols, 1914) are figured (PI. 17, figs. 6- 
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11). These specimens do not result from an astute choice 
of the extremes of variability in a large sample: they 
originated from six fishes removed at random from a 
jar containing material captured at a single station near 
the Bermudas. 

It could be assumed that a mixture of different species 
is present, but the dissected material comes from a 
thoroughly identified sample in the collections of the 
Academy of Natural Sciences at Philadelphia. Mor- 
ever, the distinctiveness of this species (see Robins, 
Ray, and Douglass, 1986, pl. 47) makes any confusion 
impossible. 

The otoliths of Nes /ongus evidently illustrate a case 
of extreme variability that has not been observed in 
all gobiid species. Nevertheless, it should be taken into 
consideration, because such species may be represent- 
ed in a fossil association, and in that case, their pres- 
ence makes identification of all gobiids in the sample 
equivocal. Apart from this problem, our knowledge of 
Recent Caribbean gobiid otoliths is far too limited for 
any pertinent identification of our fossil material at 
generic or species level. Therefore, form groups were 
designated as Gobiidae sp. 1, sp. 2 and sp. 3 (Pl. 17, 
figs. 12-14, respectively). Among them, Gobiidae sp. 
1 is by far the most common form. 


Family PLEURONECTIDAE Rafinesque, 1815 


? Pleuronectidae indeterminate 
Plate 17, figure 20 


Representatives of the cold-water family Pleuronec- 
tidae are uncommon in the Caribbean realm and oto- 
liths of the concerned species are unknown. Although 
otoliths of many genera of the related family Bothidae 
are also still unknown, the general shape and elonga- 
tion of the fossil otoliths from the Dominican Republic 
Neogene conform to pleuronectid morphology rather 
than bothid morphology. Therefore based on mor- 
phology, rather than ecological or biogeographical con- 
siderations, the fossil specimens are tentatively iden- 
tified as pleuronectids. 


CONCLUSIONS 


CRITICAL CONSIDERATIONS OF THE AVAILABLE DATA 


A major problem in the interpretation of the otolith 
data is that the sampling technique utilized in the Do- 
minican Republic project was designed essentially for 
mollusca. Most of the otoliths described in this study 
were either surface-collected as individual specimens 
or screenwashed from small samples (usually less than 
20 kg). In order to gain a good idea of the fauna at a 
given locality, the average size of a sample intended 
for otolith study should be at least 500 kg, but no such 
samples were available for the Dominican Republic 


Neogene. The most prolific recorded otolith associa- 
tion in the Basel localities is found in the largest size 
sample (60 liters or about 120 kg) according to the 
index of NMB macrofossil collecting localities (Saun- 
ders, Jung, and Biju-Duval, 1986). Analysis of the in- 
dex of collecting localities shows a positive correlation 
between sample sizes and the number of species rep- 
resented. 

Based on experience in similar deposits, a sample of 
500 kg, e.g., from the Cercado Formation, would have 
yielded an otolith association of about 40 species. Al- 
though samples from 109 localities were studied, only 
14 of them provided associations of more than 10 
species, and in 25 cases, only a single species was rep- 
resented in the sample. Therefore, none of the isolated 
samples gives sufficient information about the ichthy- 
ological fauna for the sampled locality, and direct com- 
parison of single samples makes no sense. 

To gain a better idea abut the fauna of a given level, 
one must turn to composite samples. Such composite 
information is presented in Table 2, where the presence 
of species has been arranged according to nannoplank- 
ton zones and formation limits. This provides a more 
comprehensive picture of the available data and it il- 
lustrates that only for the late Miocene NN11 Zone in 
the Cercado Formation is a fauna of considerable size 
known (62 species). From the Baitoa Formation, only 
a restricted association of 13 species is available. For 
the Gurabo Formation, the information is very scat- 
tered. In the lower part, belonging to the NN11 Zone, 
a restricted fauna of 26 species is known that essentially 
reflects an impoverished association such as the one 
known from the Cercado Formation. However, this 
may be due to the sampling, which was not intended 
primarily for otoliths. If locality TU 1250 from the 
Rio Verde, which is of uncertain stratigraphic position, 
is disregarded, there are virtually no data available for 
the NN12-NN13 interval. A fairly large fauna of 33 
species is known for the NN14 interval of the Mao 
Formation. However, 27 of the species are from lo- 
cality TU 1227A, which is a local turbidity flow lens 
with an exceptionally rich otolith association that can- 
not be regarded as standard for the Lower Mao For- 
mation. Only six species are known for the NN1S5S in- 
terval of the Mao Formation. 


PALEOENVIRONMENTAL EVALUATION 


All studied otolith associations exhibit close rela- 
tionships with the Recent Caribbean fauna and seem 
to belong to the same climatic realm as their present- 
day relatives. 

Even with the restricted size of the associations at 
most of the studied levels, interesting conclusions on 
the evolution of the bathymetry in the Neogene Cibao 
Valley in the Dominican Republic can be developed. 
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In Table 3, the present-day bathymetric distribution 
of related Recent taxa is shown for forms from the 
NN11 Zone of the Cercado Formation (Table 3a), those 
from the NN14 Zone of the Mao Formation, excluding 
locality TU 1227A (Table 3b), and those from locality 
TU 1227A, a turbidity flow lens in the NN14 Zone 
(Table 3c). 

For extinct taxa or taxa indeterminate as to species, 
the bathymetric distribution indicated is the global one 
for all Recent species of the concerned genus. In the 
case of extant species or those considered quasi-iden- 
tical to living ones (e.g., Ariosoma aff. A. selenops Reid, 
1934), the bathymetry indicated is that of the species. 
Taxa identified only at the family level are not included 
in the analysis because at that taxonomic level, eco- 
logical data are too vague to be useful for bathymetric 
analysis. 

Baitoa Formation.—The association from the Bai- 
toa Formation consists of very shallow-water taxa 
which, except for Pristipomoides Bleeker, 1852, occur 
in depths of less than 50 m. Taxa such as Arius Val- 
enciennes in Cuvier and Valenciennes, 1840, Moharra 
Poey, 1875, Ophioscion Gill, 1863 and Lonchopisthus 
Gill, 1862b do not occur at greater depths. The only 
oceanic element is the mesopelagic genus Diaphus Ei- 
genmann and Eigenmann, 1890. However, as these 
fishes migrate to the surface waters at night, their pres- 
ence in a neritic zone open to oceanic waters is not 
unexpected or unusual. 

Cercado Formation (NN11 Zone).—The otolith as- 
sociation of this unit is the most prolific of all known 
units from the Dominican Republic. Table 3 indicates 
that the association consists mainly of neritic taxa that 
do not live at depths exceeding 50 m. At least 11 of 
the taxa are regular inhabitants of euryhaline environ- 
ments such as lagoons or estuaries. Among the deeper- 
ranging taxa, none are exclusively bathyal, and all of 
them may also occur in neritic areas. Some taxa, such 
as the Dinematichthyini, Holocentrus Scopoli (ex 
Gronow), 1777 and Labrisomus Swainson, 1839, may 
suggest the proximity of reef environments, but most 
of the represented taxa are confined to shallow neritic 
environments with rather soft bottoms. 

Gurabo Formation (NN11 Zone).—The association 
of this interval is very similar to that of the Cercado 
interval, but it is less diversified. This may be due to 
less intensive sampling. 

Gurabo Formation (NN12—NN 13 zones).—For this 
interval, the data are too scattered to permit an un- 
equivocal interpretation. It can be stated that most of 
the represented taxa are neritic with the exception of 
some pelagic elements such as Diaphus and Bregma- 
ceros Thompson, 1840. However, the presence of these 
pelagic species in neritic environments is not unusual. 


No true bathyal genera have been recorded. The pres- 
ence of the genera Holocentrus and Pareques Gill in 
Goode, 1876, which are frequently found in reefal areas, 
is in agreement with the frequent levels of coral rubble 
found in these sediments and suggests transport from 
nearby reef areas. For the NN13 interval, available 
information is almost nonexistent. 

Mao Formation (NN14—NN15 zones).—For this in- 
terval, the turbidity flow lens association of locality 
TU 1227A in the Arroyo Zalaya section is treated sep- 
arately due to its unusual occurence. Analysis of the 
bathymetry in the non-turbiditic samples (Table 3b) 
reveals an increasing water depth, and the absence of 
any typical shallow-water taxa suggests a deep-neritic 
or upper-slope environment. The presence of demersal 
deep-water fishes such as macrourids and Neobythites 
Goode and Bean, 1885 is suggestive of a slope envi- 
ronment. In the restricted association of the NN15 
Zone, five of the six represented taxa have a deep- 
neritic or upper-slope habitat. One of the taxa, Py- 
thonichthys Poey, 1867, occurs in deep sulfurous muds, 
often with poor oxygen, but it has a wide depth range 
from upper shelf to 400 m. 

Bathymetric data for the association of the turbidity 
flow lens sample from locality TU 1227A in the Arroyo 
Zalaya are given in Table 3c. This association is a 
mixture of shallow-water, deep-neritic and mesope- 
lagic taxa. The nature of the deposit, the data on otolith 
associations from other sites in the NN14—NN15 zones 
and the data on foraminifers (Saunders, Jung, and Biju- 
Duval, 1986) suggest ‘“‘“open marine conditions with 
moderate water depths” for the Arroyo Zalaya and 
support the hypothesis of transport and hydraulic se- 
lection of the otoliths in this association. 

No data on otoliths are available above the NN15 
Zone. Although the otoliths from the Mao Formation 
are by no means abundant, they clearly indicate deep- 
water conditions of sedimentation. This is in agree- 
ment with the general deepening of the Cibao Valley 
Basin in the late early and middle Pliocene, as con- 
cluded from the general geologic study of the section 
(Saunders, Jung and Biju-Duval, 1986) and from os- 
tracodes (Bold, 1988). Bold also notes a short period 
of deepening in the middle part of the Gurabo For- 


Table 3.—Present-day bathymetric range of taxa (see Table 2 for 
family assignments) represented in the Cercado Formation (3a), the 
lower part of the Mao Formation (3b) and locality TU 1227A of the 
Arroyo Zalaya section (3c). Dotted lines indicate the nightly occur- 
ence near the surface of mesopelagic species and interrupted lines 
indicate occasional presence of the species at the concerned depth 
interval. Data after Goode and Bean (1896), Lee et al. (1980), Mayer 
(1974), Poll (1953, 1954, 1959), Reid (1934), Robins, Ray, and 
Douglass (1986), Rosenblatt and Rubinoff (1972), Smith and Ka- 
nazawa (1977), and Whitehead et al. (1984-1986). 
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mation in the Rio Cana and Rio Gurabo sections, but 
this interval is not adequately covered by otolith sam- 
ples. 


PALEOBIOGEOGRAPHIC AFFINITIES 
AND RELATIONSHIPS OF THE 
PALEOGENE AND RECENT 
CARIBBEAN FAUNA 


Because so much in the composition of the succes- 
sive faunas recorded from the Dominican Republic 
Neogene is related to differences in environment, ba- 
thymetry, and sampling method, it is impossible to 
ascertain to which of those differences any stratigraphic 
significance should be attributed. Therefore, all the 
Neogene teleosts of the Cibao Valley are treated as one 
fauna. Such an approach is supported by the fact that 
the bulk of this fauna (66 of the 84 recorded species) 
is represented in a single nannoplankton zone (NN11) 
of the late Miocene. The studied fauna can be regarded 
as similar to the present-day fauna of the Caribbean. 
Most of the recorded taxa are represented in the Recent 
Caribbean fauna. Exceptions are Brotula species with 
western Central America affinities and Plotosus La- 
cepéde, 1803 and Lactarius Valenciennes in Cuvier 
and Valenciennes, 1833, which are interpreted as rel- 
icts of the Paleogene western Tethys fauna. The two 
Dinematichthyini should not be considered of great 
importance because their status is due mainly to the 
precarious systematic knowledge of Recent fishes of 
this tribe. 

In a general discussion of otolith taphonomy, Nolf 
(1985) noted that nearly all known fossil otolith as- 
sociations consist either of fishes inhabiting sandy and 
muddy environments or of mesopelagic fishes, or both, 
accompanied by a few epipelagic forms. Fossil otolith 
associations rarely contain inhabitants of rocky shores 
or reefs. This general trend seems to be true for the 
Dominican Republic Neogene as well. 

In terms of both abundance in number of individuals 
and taxonomic diversity, the best represented groups 
are the ophidiids, the pomadasyids, and the sciaenids. 
These groups contain the most important taxa in the 
studied fossil association. These groups also represent 
the most characteristic groups of the Central American 
shallow-marine fauna, not only in the Recent fauna, 
but also in the Paleogene United States Gulf Coast (no 
significant Paleogene data are available for other Cen- 
tral American areas). Samples from 25 localities in the 
Paleogene of Mississippi and Alabama covering a 
stratigraphic range from late Paleocene to late Oligo- 
cene indicate the above-named groups as predominant 
together with congrid otoliths (Nolf, unpublished data). 


Although the same families are present, some differ- 
ences from their Dominican Republic counterparts are 
striking. For example in the ophidiids, all Paleogene 
Gulf Coast associations (among them a well-sampled 
late Oligocene site) consist nearly exclusively of species 
belonging to extinct genera of neritic Neobythitini and 
Sirembini; in the Neogene of the Dominican Republic 
and Trinidad, such taxa are not recorded and seem to 
be replaced by an abundant association of neritic Le- 
pophidiini and Ophidiini, which are closely related to 
Recent forms. A similar picture can be drawn for the 
pomadasyids. In the Paleogene of the Gulf Coast, they 
are represented by abundant otoliths of various elon- 
gate types, with no evident relationships to otoliths of 
Recent taxa. In the Neogene of the Dominican Re- — 
public and Trinidad, taxa such as Haemulon Cuvier, 
1829 and Pomadasys Lacepéde, 1803 are abundant — 
and speciose. This trend is repeated for the sciaenids, 
which are well represented in the Gulf Coast Paleogene. 
However, except for groups with plesiomorph otolith 
morphology such as Umbrina Cuvier, 1816 and Sciaena 
Linnaeus, 1758, most of the characteristic modern 
Central American genera are absent. In the Neogene 
of the Dominican Republic, modern taxa such as Bair- 
diella Gill, 1861a, Ctenosciaena Fowler and Bean, 1923, 
Larimus Cuvier in Cuvier and Valenciennes, 1830, 
Menticirrhus Gill, 1861b, and Pareques Gill in Goode, 
1876 appear suddenly. If the Trinidad Neogene is also 
included, the genera Cynoscion Gill, 1861b, Isopisthus 
Gill, 1862a, Macrodon Schinz, 1822, Nebris Cuvier in 
Cuvier and Valenciennes, 1830, Pachypops Gill, 1861b, 
Plagioscion Gill, 1861b and Polyclemus Berg, 1895 can 
be added to the list, which results in a highly diversified 
group of modern Central American genera already 
present in the Neogene. 

These data seem to indicate that profound evolu- 
tionary changes affected at least some groups of the 
Caribbean teleost fauna near the Oligocene—Miocene 
boundary. However, the lack of data on Paleogene fau- 
nas for the entire southern Caribbean and southeastern 
Pacific realm make it difficult to substantiate this state- 
ment. It cannot be a priori excluded that in this area 
relatives of modern Central American taxa existed by 
Paleogene times. The Mississippi embayment is a very 
specific depostional environment, and it is by no means 
certain that the conditions that prevailed there may be 
extended as standard for the whole Caribbean area. 
Although the presently available fossils are suggestive 
of an important evolutionary change in the Caribbean 
fish fauna near the Oligocene—Miocene boundary, in- 
vestigations of more southern Paleogene Caribbean 
otolith associations are required to corroborate this 
hypothesis. 
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COMPARISON WITH OTHER NEOGENE 
OTOLITH ASSOCIATIONS IN THE 
EASTERN NORTH AMERICAN 
AND CARIBBEAN REALM 


Trinidad.—Sixty-six otolith-based taxa have been 
published by Nolf (1976). Most of them come from 
various Miocene formations and a few also occur in 
the Pliocene. No further attention is given to the strati- 
graphic range within the Trinidad Neogene deposits 
because the true picture of their stratigraphic range is 
probably strongly distorted by uneven sampling and 
facies differences within the succession. 

The Trinidad fauna is essentially of the same type 
as the one from the Dominican Republic. It also re- 
sembles the present-day Caribbean Fauna and consists 
primarily of neritic fishes, together with a few meso- 
pelagic elements and demersal fishes from the upper 
slope. Among the quantitatively well-represented taxa, 
ophidiids, pomadasyids and especially sciaenids com- 
prise an important portion, just as in the Dominican 
Republic. 

Jamaica.—Clarke and Fitch (1979) briefly com- 
mented on the presence of some otolith-based fish taxa 
from the early Pliocene Bowden Formation of Jamaica. 
Among the taxa, shallow-water forms such as Al/bula 
Scopoli (ex Gronow), 1777, clupeids, engraulids, ariids, 
ophidiids, triglids, Larimus Cuvier in Cuvier and Val- 
enciennes, 1830, Holocentrus Scopoli (ex Gronow), 
1777, Apogon Lacepéde, 1801, opisthognathids and 
gobiids are cited. The families Congridae, Apogonidae, 
Gobiidae, and Ophidiidae are abundant in the Bowden 
material (Stringer, unpublished data). Although many 
of the taxa are similar between the Bowden Formation 
and the Dominican Republic Neogene, the Bowden 
Formation seems to be markedly richer in deep-water 
taxa. Except for this last aspect, the two faunas are 
quite comparable. 

Northwestern Florida.—Clarke and Fitch (1979) 
mentioned that otoliths of A/bula, clupeids, Apogon, 
gerreids, pomadasyids, sparids, sciaenids, dactylos- 
copids, gobiids, and bothids are common in the early 
Miocene Chipola Formation. Except for the sparids, 
otoliths of all the above-mentioned taxa are present in 
the Dominican Republic Neogene. 

North Carolina.—Fitch and Lavenberg (1983) cited 
and figured 44 otolith-based taxa from the Pliocene of 
the Lee Creek Mine exposure. Although 10 of the 17 
represented families are also known from the Domin- 
ican Republic Neogene, most of the taxa from Lee 
Creek belong to different genera. The presence of five 
gadoid and three merlucciid species gives this associ- 


ation a markedly more boreal aspect in comparison 
with the Dominican Republic Neogene. 

Other localities.— Although a few otoliths have been 
mentioned from Colombia (Leriche, 1938), Barbados 
(Casier, 1966), Panama (Schubert, 1909), and Mexico 
(Veracriz) (Weiler, 1959), these records are too iso- 
lated and scattered to make any comparisons. 


APPENDIX 


Alphabetical list of otolith-based fish taxa in the 
samples from the Neogene localities of the Dominican 
Republic. Each locality number is followed in paren- 
theses by the number of specimens represented (com- 
plete descriptions of each locality may be found in 
Saunders, Jung and Biju-Duval, 1986) 


Albula sp.: NMB 15904 (2), 15907 (1), 15910 (1), 15920 (1), 16923 
(2), 16930 (1); TU 1294 (1), 1358 (1). 

Anisotremus sp.: NMB 17005 (1). 

Apogon sp. 1: NMB 16854 (1); TU 1250 (1), 1405 (1). 

Apogon sp. 2: NMB 17003 (3); TU 1227A (1), 1250 (2). 

Apogon sp. 3: NMB 15901 (1), 15910 (1), 16837 (2), 16844 (1), 
16865 (1), 16923 (1), 16924 (1), 17003 (1); TU 1206 (2), 1227A 
(73), 1230 (1), 1246 (1), 1250 (3), 1293 (3), 1338 (1), 1358 (1), 
1359 (1), 1450 (8). 

Apogon sp. 4: NMB 17268 (1); TU 1206 (4), 1227A (9), 1230 (1), 
1250 (11), 1338 (1), 1410 (1). 

Ariosoma balearica: NMB 15903 (2), 16832 (1), 16857 (2), 16932 
(1), 17286 (1); TU 1219 (1), 1227A (5), 1230 (1), 1358 (1), 1359 
(1). 

Ariosoma aff. A. selenops: TU 1357 (1), 1358 (1). 

Arius sp.: NMB 15878 (1), 15900 (1), 15903 (3), 16836 (1), 17003 
(1), 17286 (1), 17287 (1), 17288 (1); TU 1294 (1), 1358 (1), 1363 
(1). 

Atherinomorus stipes: NMB 16856 (2). 

Bairdiella ronchus: TU 1294 (1). 

Bothidae indet.: NMB 15896 (1), 15904 (1), 15912 (1), 16857 (1), 
16915 (1), 16918 (1), 16922 (1), 16923 (1), 16924 (1), 16932 (1), 
17003 (1), 17287 (2); TU 1227A (16), 1250 (6), 1294 (5), 1358 
(2), 1364 (1), 1405 (3). 

Bregmaceros sp.: TU 1206 (6), 1210 (8), 1230 (3), 1246 (3), 1250 
(14). 

Brotula aff. B. clarkae: TU 1250 (1). 

Brotula sp.: TU 1227A (1). 

Carapus aff. C. bermudensis: TU 1227A (1), 1294 (1). 

Centropomus sp.: NMB 15896 (1), 16916 (1); TU 1373 (1), 1419 
(1). 

Centropristis sp.. NMB 15911 (1), 16837 (1); TU 1227A (1), 1301 
(1). 

Chaunax sp.: TU 1250 (1). 

Clupeidae indet.: TU 1225 (1), 1301 (1). 

Coelorinchus caribbaeus: TU 1357 (2). 

Conodon moreauxi: NMB 15903 (1), 15904 (1), 15910 (1), 15915 
(2), 16917 (1), 16918 (2), 16923 (1); TU 1294 (1), 1359 (1). 

Ctenosciaena latecaudata: NMB 15900 (2), 15903 (2), 15904 (1), 
15907 (1), 15912 (1), 16832 (1), 16837 (1), 16855 (1), 16914 (1), 
16923 (2); TU 1292 (1), 1294 (1), 1363 (1). 

Cynoglossidae indet.: NMB 15912 (1); TU 1230 (1), 1294 (1). 

Dactyloscopidae indet.: TU 1206 (2). 
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Diaphus aff. D. brachycephalus: NMB 15823 (1); TU 1205 (1), 1206 
(3), 1219 (1), 1220 (1), 1227A (2), 1250 (2), 1352 (1), 1359 (1), 
1373 (1), 1405 (1), 1412 (1). 

Diaphus sp. 1: NMB 15823 (7), 15827 (1), 15829 (2), 15864 (1), 
15869 (1), 15905 (1), 15910 (1), 16854 (6), 16855 (1), 16856 (8), 
16913 (1), 16915 (2), 16916 (1), 16918 (2), 16922 (2), 16923 (1), 
16926 (1), 16932 (2), 17003 (1), 17269 (1); TU 1206 (6), 1219 
(1), 1227A (210), 1230 (6), 1250 (46), 1251 (1), 1277 (1), 1293 
(1), 1294 (14), 1298 (1), 1301 (1), 1352 (1), 1357 (1), 1358 (15), 
1359 (1), 1363 (1), 1364 (2), 1365 (1), 1366 (13), 1373 (3), 1379 
(1), 1405 (1), 1410 (1). 

Diaphus sp. 2: TU 1293 (1). 

“genus Dinematichthyinorum” sauli: NMB 17268 (1); TU 1227A 
(1), 1405 (1). 

“genus Dinematichthyinorum” smithvanizi: NMB 15864 (1); TU 
1227A (4). 

Diplectrum sp.: TU 1230 (1), 1412 (1). 

Engraulidae indet.: NMB 15910 (2), 15912 (1), 15913 (1), 15916 
(6), 16837 (1), 16838 (2), 16854 (4), 16855 (1), 16913 (1), 16915 
(1), 16916 (3), 16922 (1), 16923 (1), 17003 (9), 17005 (1), 17269 
(1); TU 1230 (5), 1294 (1), 1301 (5), 1358 (1), 1359 (1). 

Epigonus sp.: NMB 15907 (1); TU 1358 (2). 

Epinephelus sp.: TU 1227A (2). 

Eucinostomus sp. 1: NMB 15907 (1), 15910 (1), 16918 (1), 16923 
(1); TU 1227A (1), 1250 (1), 1294 (2), 1358 (5), 1373 (1), 1405 
(1). 

Eucinostomus sp. 2: TU 1359 (1), 1405 (1). 

Euleptorhamphus sp.: NMB 15903 (2), 15912 (2), 15914 (1), 15916 
(1). 

Gobiidae sp. 1: NMB 15901 (2), 15903 (2), 15904 (1), 15907 (1), 
15912 (1), 15914 (1), 15916 (1), 16857 (3), 16913 (1), 16915 (2), 
16916 (1), 16917 (1), 16918 (2), 16922 (2), 16923 (3), 16926 (3), 
16930 (1), 16932 (1), 16935 (1), 17003 (10), 17290 (1); TU 1225 
(4), 1226 (2), 1230 (1), 1293 (1), 1294 (28), 1298 (1), 1358 (4), 
1359 (3), 1363 (6), 1366 (1), 1373 (1), 1379 (3), 1405 (8), 1419 
(1). 

Gobiidae sp. 2: NMB 15862 (2), 15864 (1), 15912 (1), 16837 (1), 
16932 (1), 17287 (11). 

Gobiidae sp. 3: NMB 15823 (1). 

Haemulon sp.: NMB 15873 (1), 15882 (1), 15896 (6), 15900 (11), 
15903 (112), 15904 (17), 15906 (13), 15907 (29), 15911 (6), 15912 
(8), 15913 (1), 15914 (3), 15915 (4), 16828 (1), 16832 (1), 16835 
(1), 16837 (6), 16838 (4), 16844 (1), 16855 (1), 16857 (1), 16912 
(1), 16913 (1), 16914 (2), 16915 (6), 16916 (3), 16917 (4), 16918 
(5), 16923 (5), 16924 (6), 16926 (5), 16927 (2), 16930 (2), 16935 
(1), 16986 (1), 16988 (1), 17280 (4), 17290 (1); TU 1225 (1), 1227A 
(5), 1230 (5), 1294 (5), 1354 (1), 1358 (40), 1359 (9), 1373 (11), 
1378 (2), 1379 (14), 1403 (1), 1405 (9), 1419 (2). 

Hemiramphus aff. H. brasiliensis: NMB 15903 (1); TU 1294 (2), 
1358 (1). 

Hildebrandia flava: TU 1206 (4), 1210 (2), 1211 (1), 1227A (23), 
1343 (1), 1352 (2), 1366 (1), 1405 (1). 

Holocentrus sp.: NMB 16817-16818 (1); TU 1294 (2), 1379 (1). 

Hygophum aff. H. benoiti: TU 1294 (1), 1359 (1). 

Hyporhamphus aff. H. unifasciatus: NMB 15903 (1), 16977 (1); TU 
1294 (1). 

Labrisomus sp.: NMB 17005 (1). 

Lactarius sp.: NMB 15901 (1), 15903 (4), 15904 (1); TU 1359 (1), 
1379 (1). 

Larimus breviceps: NMB 15900 (8), 15903 (31), 15904 (23), 15906 
(5), 15907 (2), 15911 (1), 15912 (7), 15915 (1), 15916 (1), 16854 
(6), 16855 (2), 16856 (2), 16915 (6), 16916 (1), 16917 (10), 16918 
(4), 16923 (20), 16924 (4), 16926 (3), 16927 (1), 16930 (1), 17003 
(5), 17287 (1); TU 1227A (2), 1230 (2), 1294 (25), 1358 (11), 1359 


(3), 1373 (2), 1379 (5). 

Lepophidium latesulcatum: NMB 15805 (1), 15869 (1), 15873 (1), 
15878 (1), 15896 (1), 15900 (7), 15903 (8), 15904 (5), 15906 (2), 
15907 (3), 15914 (1), 15915 (2), 16854 (2), 16856 (1), 16857 (4), 
16912 (1), 16914 (2), 16915 (5), 16916 (3), 16917 (13), 16918 (9), 
16922 (2), 16923 (21), 16924 (5), 16926 (1), 16927 (4), 16928 (1), 
16930 (8), 16932 (4), 16935 (2), 17003 (2), 17009 (1), 17268 (1), 
17269 (1); TU 1206 (2), 1219 (1), 1225 (1), 1227A (129), 1230 
(4), 1250 (3), 1293 (2), 1294 (25), 1343 (2), 1358 (1), 1373 (1), 
1378 (1), 1379 (3), 1405 (1), 1419 (3). 

Lonchopisthus micrognathus: NMB 15864 (1); TU 1226 (1), 1227A 
(1), 1250 (2), 1358 (1), 1405 (1), 1410 (1). 

Lutjanus aff. L. campechanus: NMB 16923 (1). 

Menticirrhus chaoi: NMB 15896 (1), 15900 (1), 15904 (1), 15907 
(1); TU 1358 (1). 

Moharra rhombea: NMB 15903 (2), 15904 (1), 16935 (3), 17283 
(1), 17286 (4), 17288 (3); TU 1226 (1), 1230 (2), 1293 (2), 1294 
(1), 1358 (4), 1359 (1), 1364 (1), 1419 (1). 

Mugil sp.: TU 1246 (1), 1278 (1). 

Myctophum sp.: NMB 17003 (1); TU 1294 (1). 

Neobythites gillii: NMB 15823 (2), 15828 (3). 

Neobythites marginatus: NMB 15829 (1), 16865 (1); TU 1227A (1), 
1292 (1). 

Nezumia aequalis: TU 1365 (1). 

Ocyurus aff. O. chrysurus: NMB 15904 (1), 16837 (1); TU 1294 (1). 

Ophioscion sp. 1: NMB 15896 (1), 15900 (2), 15903 (62), 15904 
(12), 15907 (14), 15911 (1), 15912 (8), 15913 (2), 15914 (3), 15915 
(2), 15916 (3), 16817-16818 (1), 16845 (1), 16854 (1), 16855 (1), 
16856 (3), 16912 (2), 16913 (1), 16914 (1), 16915 (1), 16916 (3), 
16917 (5), 16918 (4), 16922 (2), 16923 (8), 16924 (1), 16926 (1), 
16927 (1), 16985 (1), 17003 (1); TU 1227A (1), 1230 (4), 1294 
(20), 1358 (15), 1359 (11), 1373 (12), 1377 (2). 

Ophioscion sp. 2: NMB 17286 (3), 17287 (2); TU 1364 (1). 

Opisthonema sp.: TU 1225 (1). 

Otophidium robinsi: NMB 15876 (1), 15896 (1), 15897 (1), 15904 
(4), 15905 (7), 15906 (1), 15907 (2), 15910 (2), 15911 (1), 15915 
(2), 16837 (3), 16857 (3), 16915 (1), 16917 (1), 16923 (4), 16926 
(1), 17005 (2); TU 1230 (1), 1294 (5), 1358 (17), 1359 (14), 1373 
(12), 1377 (1), 1405 (1), 1419 (1). 

Otophidium robustum: NMB 15910 (1), 16832 (3), 16835 (1), 16837 
(2), 16844 (1); TU 1250 (1). 

Pareques sp.: TU 1206 (1), 1354 (2). 

Parophidion aff. P. schmidti: NMB 16817-16818 (1). 

? Pleuronectidae indet.: TU 1227A (2), 1230 (1), 1294 (1). 

Plotosus sp.: NMB 16844 (1), 16923 (1); TU 1227A (4), 1250 (1). 

Polydactylus sp.: TU 1250 (1), 1282 (1). 

Polyipnus sp.: TU 1250 (3), 1282 (1). 

Polymixia sp.: NMB 15827 (1). 

Pomadasys sp.: NMB 16935 (1), 17287 (2), 17288 (2); TU 1250 (1), 
1293 (1). 

Porichthys sp.: NMB 15896 (1), 15903 (3), 15910 (2), 17005 (1); TU 
1230 (1), 1293 (1), 1294 (1), 1358 (3), 1359 (1), 1373 (1). 

Prionotus sp.: TU 1250 (1). 

Pristigenys sp.: TU 1227A (1). 

Pristipomoides sp.: NMB 15869 (1), 16910 (1); TU 1225 (2), 1227A 
(4), 1230 (2), 1363 (1), 1379 (1), 1405 (1). 

Pythonichthys sp.: TU 1227A (4), 1250 (1), 1352 (1). 

Rhechias tysanochila: TU 1227A (1), 1298 (1). 

Saurida caribbaea: NMB 16926 (1); TU 1250 (1), 1358 (1), 1359 
(2). 

Scorpaenidae indet.: NMB 16837 (1). 

Soleidae indet.: TU 1294 (1), 1373 (1). 

Sphyraena sp.: NMB 16817-16818 (1); TU 1230 (1). 

Umbrina sp.: NMB 16932 (2), 17003 (2). 
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EXPLANATION OF THE PLATES 


Abbreviations utilized on the plates 


F = fossil species 
(F) = Recent species found as fossil 


R = Recent species 


All fossil specimens from this study are deposited in the collections of the Naturhistorisches Museum, Basel, 
Switzerland (NMB). Unless noted otherwise, all Recent material included for comparative purposes is from the 
reference collection of the Royal Institute of Natural Science of Belgium (IRSNB). Since the latter collection is 
arranged in a systematic order, the specimens do not have collection numbers and are designated by the acronym 
IRSNB. 
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ANAT ENS Xe CY ce eer RR er eR ea ia ce COTE RCL OE nT Renee aca ce a Sern eter oer ini POR ene cs creer Tha HOE EERE 
1. NMB P26, right otolith, inner view, loc. NMB 15907, Rio Gurabo, Cercado Formation, late Miocene NN11 Zone. 
2. NMB P27, right otolith (a, inner view; b, ventral view), loc. TU 1294, Rio Mao, Cercado Formation, late Miocene NN11 
Zone. 


wAriosoMa balearica (Delaroches 1809) i cs... cers csc. stesso ese) v cv avevsisi suds ics ave teoeavetcahe MUMSN CIA one cu dte POTS vole SISTENT Para (eer eT oeTeIn, Senet eietevers 


NMB P28, left otolith (a, inner view; b, ventral view), loc. NMB 16932, Rio Mao, Maury’s Bluff 2, late Miocene NN11 Zone. 


. Ariosoma selenops Reid, 1934 


IRSNB, right otolith (a, inner view; b, ventral view), off Cuba, Recent [included for comparative purposes]. 


MPA TIOSOMAi Al: A SELENOPS REID O34? ts oo cre0v scat Pear sista roe Para aa cece anette ovws sean aac ansp oreo Velaro her dees Deer eoke SPDR SISeVE fy eterna ya sa hede fysleva (os waa 


NMB P29, right otolith, inner view, loc. TU 1357, Rio Yaque del Norte, Gurabo Formation, Pliocene NN14 Zone. 


PERNECHIAS Ly SANOCRUA(REIG VOSA) 0 eck mia ais Cae eo TIN ctese ve HASTE Doyen TERTIUS Sierote ele ave el ebatere acento eel av VAI Sen tel a slsvenaieiecece 


6. IRSNB, left otolith (a, inner view; b, ventral view), off Florida, Recent. 
7. NMB P30, left otolith (a, inner view; b, ventral view), loc. TU 1227A, Arroyo Zalaya, turbidity flow lens, Pliocene NN14 
Zone. 
PY EHONMICHERYS SPECIES ec, sncc oscar) occhene soles VSESTOS Ov Ne AU Cus OCTETS Ss tv osTSUE GURUS IER oy 6, FE ey Ove cUe ISIS: wise Slay 1a PURSES role RET eC EET VST ETS eevee Te aver 
NMB P31, loc. TU 1227A, Arroyo Zalaya, turbidity flow lens, Pliocene NN14 Zone. 
8, 9. left otoliths (a, inner view; b, ventral view). 
10. right otolith (a, inner view; b, ventral view). 

Hildebrandia flavai(Goode and Beant all8 96) irae oe ehste tote e ore eer aros eo UNL eee TEI GOIN Cee ee eale eaves eteicicdeieeene 
11, NMB P32, right otolith, inner view; 12, NMB P33, left otolith, inner view; 13, NMB P34, left otolith (a, inner view; b, 
ventral view); all from loc. TU 1227A, Arroyo Zalaya, turbidity flow lens, Pliocene NN14 Zone. 


. Pythonichthys microphthalmus (Regan, 1912) 


IRSNB, right otolith, inner view, Gulf of Guinea, Recent [included for comparative purposes]. 


. Pythonichthys macrurus (Regan, 1912) 


IRSNB, night otolith, inner view, Gulf of Guinea, Recent [included for comparative purposes]. 


MEN PTAULIGAGANGELELINAN ALE ah ics- sie h rae MNO eer eM Sey VAN UGiOr SUA PON ets Eee GOT SSO USST ELSE STC ETD ocean sv TOPO NODE CT VOTE Fate ctyetarapever stehexs 


NMB P35, right otolith, inner view, loc. NMB 16922, Rio Mao, Cercado Formation, late Miocene NN11 Zone. 


Be DPISEROMEINASDECICS Forces a crete yee tev ee Ne Cols se NTA aT POTS TD oSTG TNS ToT Sy sagse Ve SLEIS do as SHeveve ve oes ofaters Clea Mare Mor Mbavelererene aleve etoneiore ests 


NMB P36, right otolith, inner view, loc. TU 1225, Rio Mao, Gurabo Formation, near Mio-Pliocene boundary. 


mClupeidae indeterminate tar cyac cet tere TTA OTe TT ETT eT Soe ele ee Tee ee cena 


NMB P37, left otolith, inner view, loc. TU 1301, Rio Cana, Cercado Formation, late Miocene NN11 Zone. 
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PLATE) 00 oe eee ICs OC AE ReT Ee Sera karen etait moos toancontiotrosmbbocecoosdsonccocosocece: 61 
NMB P38, left utricular otolith (a, inner face; c, outer face), loc. NMB 15900, Rio Gurabo, Cercado Formation, late Miocene 
NN11 Zone. 


> Plotosus anguillaris\(BIOCHAUT9A)) eS ecesicsies. covers, siscsre pane 50) oo eae olay wpm ace cere oro acceler even EST peysl 5, SVELATe COIR) o OTSTOKALaTCTS elec ate eC een $1 


IRSNB, right utricular otolith, outer face, Gulf of Thailand, Recent. 


5 MPIOLOSUS | SDECIES 0 2227. ys;asafevesctesss singe: «ndndhs-aumisyasSieuetobs aie wa cefeiexecoiw le aueie ese n ts beuaes etree loon ote vepebe thevants late lous sot oTSAT ORTON 51 


NMB P39, right utricular otolith (a, inner face; b, ventral face), loc. NMB 16923, Rio Mao, Cercado Formation, late Miocene 
NN11 Zone. 


:, Diaphus\brachycephalus Taning 1928) st< 203 <-00.5 isin ia/eie ines haga se = ree eset orele cs mie eose sie se etee eGR Soe ECE 51 


IRSNB, left otoliths, inner views, off Mauritania, Recent. 


UWwPolpipniuas SPECIES. Sac. S:scoste cis he ERE sae Se ea ale I eae CL SIN = gles SS 62 


NMB P40, left otolith (a, inner view; c, posterior view), loc. TU 1250, Rio Verde, Gurabo Formation. 
Diaphus:aff .D. brachycephalus'Taning; 1928) 2fii:.3..)2e ase) «. dole a se foe ie oe Rao le ee ee ee Eee 51 
11. NMB P41, left otolith, inner view; 12, NMB P42, right otolith, inner view; both from loc. TU 1250, Rio Verde, 
Gurabo Formation. 
13. NMB P43, right otolith, inner view, loc. NMB 15823, Rio Gurabo, Mao Formation, Pliocene NN14—15 Zone. 
Miyctophiarn Species) 0 acorersiovevays ais joins ¥ vitere o:eieval eevee @iave ional eeie WoOle we sik oT S'S AISA. caer C SISTER AOA OEG «ST SvoT IG el Obs PTI ST aCe: eee 62 
14. NMB P44, right otolith, inner view, loc. TU 1294, Rio Mao, Cercado Formation, late Miocene NN11 Zone. 
15. NMB P45, left otolith, inner view, loc. NMB 17003, Rio Cana, Cercado Formation, late Miocene. 
Myctophum affine (Liitken, 1892) 
IRSNB, left otoliths, inner views, off Venezuela, Recent [included for comparative purposes]. 
Diaphus:species il > ja.ojeo% oss eestor caren ica wv as ele ee aa wie, oben enn nop 8 oe, AR ret oO gale ter ave avehenen ane 1S te eee Re Teal Ser oR Uae ee ena 51 
18-21, 23. loc. TU 1227A, Arroyo Zalaya, turbidity flow lens, Pliocene NN14 Zone. 18, NMB P46, right otolith, inner view, 
19, NMB P47, left otolith, inner view; 20, NMB P48, left otolith, inner view; 21, NMB P49, left otolith, inner view; 
23, NMB P50, left otolith (a, inner view; b, ventral view). 
22. NMB P51, left otolith, inner view, loc. TU 1357, Rio Yaque del Norte, Pliocene NN14 Zone. 


\ Saurida caribbdea: Breder 1927 x. 5. 6 6:ccecoce. oo oie siaiocas a, 5, aroes ere so sca natal so evsisisia heal oe ae Ao RO OEE eC eee eee 62 


24, 25. IRSNB, left otoliths, inner views, off Cuba, Recent. 
26. NMB P32, left otolith, inner view, loc. TU 1359, Rio Gurabo, Cercado Formation, late Miocene NN11 Zone. 
27. NMB PS3, left otolith (a, inner view; b, ventral view), loc. NMB 16926, Rio Mao, Cercado Formation, late Miocene 
NN11 Zone. 


» (Diaphus Species 2.) fac ee cei Sis Sceisiais De alk whe andl es iaybas aa STIS obo Mowetenlod Goes Ol oe ieee odo ieee Dee eee 51 


NMB P54, left otolith, inner view, loc. TU 1293, Rio Mao, Maury’s Bluff 1, Gurabo Formation, late Miocene NN11 Zone. 
Hygophum hygomi (Litken, 1892) 
IRSNB, right otolith, inner view, off Canaries, Recent [included for comparative purposes]. 


. Hygophum benoiti (Cocco, 1838) 


IRSNB, right otoliths, inner views, off Marrakech, Morocco, Recent [included for comparative purposes]. 


.. Hygophum aff. 1. benoiti: (Cocco, 1838)! s,s s..seesesusee: cre orsrn roves os3 a ep evansis: agete SToetench © iat sve veveiors clatoreke ve open Me aRNGye Va tote eee 62 


NMB P55, right otolith, inner view, loc. TU 1294, Rio Mao, Cercado Formation, late Miocene NN11 Zone. 
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Page 
. Myctophum nitidulum Garman, 1899 
IRSNB, left otoliths, inner views, west of Cape Verde Islands, Recent [included for comparative purposes]. 
IPoriGhthysiSPeCies eye, ccs. sic sco osate saps Soave Besa Fees See See STO OOOO S wTTey ts, ero TENE LS ere oueT ICN SNe Hose ctor cays etedegene easnsta ner sveNesretaoverere 51 
NMB P56, right otolith, inner view, loc. NMB 15896, Rio Gurabo, Cercado Formation, late Miocene NN11 Zone. 
GRU ARIS POCIES rey oa ies 5 oe RAVES SREY ON Sie SFU cep nH H ov OH TPO eRe SA I OT STR NEGA Sp RAREST ect SIG Sr See VV ed Ee Te, otha peeps tesla agen yeh Ss 61 
NMB P37, right otolith (a, inner view; b, ventral view), loc. TU 1250, Rio Verde, Gurabo Formation. 
‘Goelorinchus caribbaeus)(Goodevand! Bean 11885) ic ciee ocicrete tre aie ee cise eve ici se case a eves ereustevare cokers retereicne iim seteteleyelctsioneps coVeretstclisierst 61 
5. IRSNB, right otolith, inner view, off French Guyana, Recent. 
6. NMB P3538, right otolith, inner view, loc. TU 1357, Rio Yaque del Norte, Pliocene NN14 Zone. 
WUE IBF ERTNGACETOS SPECIES | oiap cs laleoren ac 5c gs ayen tgs aeau Sy oce tact etarehsvcdecs pana aut ar ones ePePePSPSIG IS LUE Te sa soos els cuSGa Epo aisy ose yeae ed eked noxeteuehel spoke ve ou stotels 61 


Loc. TU 1230, Rio Cana, Cercado Formation, late Miocene NN11 Zone. 
7. NMB PS%9, left otolith, inner view. 
8, NMB P60, right otolith, inner view. 

WNGZ IMG (eeqUalis:(GrUNthers MSS) cece -cjay Seas tece lee cas 5 Src eescer ty Na fOv Sy se AE Sut cten ot SHO Sd Sos Neve ve SVS AVer oF a Susu oN OLeL CxS eNOS SReESTO 4 chee ers) shee 62 
9. IRSNB, right otolith, inner view, west of Ireland, Recent. 

10. NMB P61, right otolith, inner view, loc. TU 1365, Rio Gurabo, Mao Formation, Pliocene NN15 Zone. 


Pe Lepophidium latesulcatirt; DEW SPECIES 3.2 s.ore Sasketecs 6 che pnt ape nae. S08 SE -sees avabays laganasce japoveye ole sua =. cetmianeg yey cote) ase sreyel Syeesenene deus) aeuere lore ace $2 


NMB P82, holotype, left otolith (a, inner view; b, ventral view), loc. NMB 15878, Rio Gurabo, Gurabo Formation, late Miocene 
NN11 Zone. 

Garapusiatls Cxibermiudensis (JONES; US TA) acer rye ccrcvs ahh one ie roo et gehen, 10 SSS Se ep mT 6 eee Lop p PST eF Re he asec eyes ee Vsueheec neuer ls 61 
NMB P64, left otolith (a, inner view; b, ventral view), loc. TU 1227A, Arroyo Zalaya, turbidity flow lens, Pliocene NN14 Zone. 


weBrotula‘att: B; clarkae TUDDS. O44: 5. co oveie aistaeye lors} Soile ease aie logezeuske HOES SR OIVS AE IS) OO OS ape SIT RACE A Clehele de atest se eke ee loteneoe + 51 


NMB P64, left otolith, inner view, loc. TU 1250, Rio Verde, Gurabo Formation. 

RV OCUIGISPEGIOS 3 i ycaoeos cee eee ese CON Or Rag Te at ge USS eo ESOT SR ORNSS 10 eC MONS ACFE ES EO fs te aca sales e Asem neaes ss x (el SONG feeb arene l= 51 
NMB P64, left otolith (a, inner view; b, ventral view, c, anterior view), loc. TU 1227A, Arroyo Zalaya, turbidity flow lens, 
Pliocene NN14 Zone. 


a Otophidium: dormitator Bohikeiand!Robins,, 1959) Gacjstevescccis ac ais = sfovanots ate oe) + 21) eveiefope) eveyevs eet ffsyose) s\cueye «ie lshsrevevs cist el ©) helo ial aisle OS 


IRSNB, left otolith (a, inner view; b, ventral view), off Jamaica coast, Recent. 

Otophidiumirobinst: NEWISPECIES: sisisscs- (os se rcuas esses Nera ARG ee Sree eee e VAIO Sneek ee ETSI e LoL NRO Sse eM e kee 52 

16. NMB P66, paratype, left otolith, inner view; 17, NMB P67, paratype, left otolith, inner view; loc. TU 1359, Rio Gurabo, 
Cercado Formation, late Miocene NN11 Zone. 

18. NMB P69, paratype, left otolith (a, inner view; b, ventral view), loc. NMB 15905, Rio Gurabo, Cercado Formation, late 
Miocene NN11 Zone. 

19. NMB P68, holotype, right otolith (a, inner view; b, ventral view), loc. TU 1359, Rio Gurabo, Cercado Formation, late 
Miocene NN11 Zone. 
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iNeobythites marginatus) Goodejand! Beans 886) .044 42 see eee enone eee ee eee 53 
1, 2. IRSNB, left otoliths, inner views, Florida Strait, Recent. 
3. NMB P70, left otolith (a, inner view; b, ventral view), loc. NMB 15829, Rio Gurabo, Mao Formation, Pliocene NN15 


Zone. 
Otophidium robustum: new:-species: 22s. s. 08 uses aayders a aatee Ratton oe chicas SA ee EE ee 53 
4. NMB P71, holotype, right otolith (a, inner view; b, ventral view), loc. NMB 16837, Rio Cana, Cercado Formation, late 
Miocene. 
5. NMB P72, paratype, right otolith (a, inner view; b, ventral view), loc. NMB 16832, Rio Cana, Gurabo Formation, late 
Miocene. 
- Parophidion‘affoP. schmidti (Woodsiand Kanazawa. 195)l)) «22222 soos oe eae cen eee een ee 62 


NMB P73, right otolith (a, inner view; b, ventral view), loc. NMB 16817, Rio Cana, Gurabo Formation, Pliocene. 
>genus Dinematichthyinorum(?ysauirnew Species. . 1.) en eee eee eee ee ee eee 53 
7. NMB P74, holotype, left otolith (a, inner view; b, ventral view), loc. TU 1227A, Arroyo Zalaya, turbidity flow lens, 
Pliocene NN14 Zone. 
8, NMB P75, paratype, right otolith (a, inner view; b, ventral view), loc. NMB 17268, Rio Yaque del Norte, Gurabo 
Formation, Pliocene NN12 Zone. 


WiNeobythites: gillitsGoodesand Bean, NS 85© 5. cc.c2-..owis-aerreec ee oe mee ce ioe oe ee ee Ee 53 


9, IRSNB, right otolith, inner view, Antilles Sea, Recent. 
10, NMB P76, right otolith (a, inner view; b, ventral view), loc. NMB 15828, Rio Gurabo, Mao Formation, Pliocene 
Globorotalia miocenica Zone (?7NN14-15 Zone). 
> genus Dinematichthyinorum7;ismithvanizi. new Species . =... =. +. dees see ee dese eerie ee ee eee eee 54 
11, NMB P77, paratype, left otolith, inner view, loc. NMB 15864, Rio Gurabo, Gurabo Formation, late Miocene NN11 
Zone. 
12, NMB P78, holotype, right otolith (a, inner view; b, ventral view), loc. TU 1227A, Arroyo Zalaya, turbidity flow lens, 
Pliocene NN14 Zone. 
Atherinomorus:stipes (Miller and’ Trotschel91847)) 4... 0-0. ed eee encode eon eee rece ee eee 61 
13, NMB P79, left otolith, inner view, loc. NMB 16856, Rio Cana, Cercado Formation, late Miocene. 
14-16, IRSNB, left otoliths, inner views, Bahamas, Recent. 
Hyporhamphus unifasciatus (Ranzani, 1842) 
17, IRSNB, left otolith, inner view, off Acapulco, Mexico, Recent [included for comparative purposes]. 
18, IRSNB, left otolith, inner view, off Margarita Island, Venezuela, Recent [included for comparative purposes]. 


 lyporhampusiathHevunifasciatus: (Ranzant. 1842). 3.54660 cone ee ee ee 62 


NMB P80, left otolith, inner view, loc. NMB 15903, Rio Gurabo, Cercado Formation, late Miocene NN11 Zone. 


t, EuuleptorhampRus; SPeGiS) ocr, <.s<cessspsess3, 2 aesyaroonte asst chert aididte, «og Susie Ate Sele cree RTT IO Te 62 


NMB P81, left otolith, inner view, ioc! NMB 15903, Rio Gurabo, Cercado Formation, late Miocene NN11 Zone. 


. Euleptorhamphus velox Poey, 1868 


IRSNB, right otolith, inner view, off Trinidad, Recent [included for comparative purposes]. 


. Hemiramphus brasiliensis (Linnaeus, 1758) 


IRSNB, left otolith, inner view, off Cuba, Recent [included for comparative purposes]. 
Hemiramphus:att.-H- brasiliensis|(Einnaeus, 1758)! 3. .....000ds eset oon ten cee ee 62 
NMB P82, left otolith, inner view, loc. NMB 15903, Rio Gurabo, Cercado Formation, late Miocene NN11 Zone. 


+ POLY IBEX EI! SPECIES): 0. sh zie stare eicyesccens.sishsione (ate puesta o59e1e1 SOiakay Dev aseeaie ear RI SEO e  ee 62 


NMB P83, right otolith, inner view, loc. NMB 15827, RG Gurabo, Mao Formation, Pliocene NN14—-15 Zone. 


jy UT OLOCENUTUS SPECIES» isis 55 ats Fo ek attr escceg oA AHN CORPO Oats ae as RTT SPST RIT ATT 62 


NMB P84, nght otolith, inner view, loc. NMB 16818, Rio Cana, Gurabo Formation, Pliocene 7NN12 Zone. 


s COLpachidaé Indeterminate, <7 Sooo. soverel xs c/avote vo o)eoievsvst aerate cheer SRS Sree TS eae ee en 62 


NMB P85, left otolith, inner view, loc. NMB 16837, Rio Cana, Cercado Formation, late Miocene. 


. Prionotus carolinus (Linnaeus, 1771) 


IRSNB, night otolith (a, inner view, b, ventral view), off Georgia, U. S. A., Recent [included for comparative purposes]. 


« (PiONOLUS. SPECIES Sis75 7 a peid aoe aps neo Heap E araes Yor ldreestorotha ajanass hske aie eRe SIRE Ee eC ee 62 


NMB P86, right otolith (a, inner view; b, ventral view), loc. TU 1250, Rio Verde, Gurabo Formation. 


. ‘CentropOMtUs SPECIES. <i. ociocasa athens oo wee sie Sevace Dae to I RO aoe Oe 61 


NMB P87, left otolith, inner view, loc. NMB 16916, Rio Mao, Cercado Formation, late Miocene NN11 Zone. 
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. Centropristis philadelphica (Linnaeus, 1758) 


IRSNB, right otolith, inner view, off Georgia coast, U. S. A., Recent [included for comparative purposes]. 


Ma PTISTIBEMY SiSPEGIES wane Crete gorcas ot le asa fora ee i Nas rec os Sore oot E TAHT eAs eT RTE OU MET EN este cerstay seme takecea ey ote tec temriscersre tetaarsaectetehs 


NMB P87 bis, right otolith (a, inner view; b, ventral view), loc. TU 1227A, Arroyo Zalaya, turbidity flow lens, Pliocene, NN14 
Zone. 


5 (COATT EAS ooo It ee ee POR O Ste AER SIO Meret eae eer eee tea ce eee Sra oens nd Ganciid dos oberon bu ors coe 


3, NMB P88, right otolith; inner view; 5, NMB P89, right otolith, inner view, loc. TU 1227A, Arroyo Zalaya, turbidity flow 
lens, Pliocene NN14 Zone. 
4, NMB P90, right otolith, inner view, loc. NMB 15911, Rio Gurabo, Cercado Formation, late Miocene NN11 Zone. 


. Diplectrum bivittatum (Valenciennes, 1828) 


IRSNB, left otolith (a, inner view; b, ventral view), Gulf of Mexico off Texas coast, Recent [included for comparative purposes]. 


PP EDLOCEFUTINESDECICS geen pokes Voie ey TS Te ere a eee EE rahe Sie eT en TRO eh Tee 


NMB P91, left otolith, inner view, loc. TU 1230, Rio Cana, Cercado Formation, late Miocene. 


. Epinephelus striatus (Bloch, 1792) 


IRSNB, left otolith, inner view, off Haiti, Recent. 


MBPE DIN CDRELUSSPCGCICS oo eoters ces ose cae ieee see N eo ete SnE agg Pete TTI TE aun OO EO Eo A TE OTN EES Toe CT rte 


NMB P92, left otolith, inner view, loc. TU 1227A, Arroyo Zalaya, turbidity flow lens, Pliocene NN14 Zone. 


by IROL STZ TS OTS (STAT ae It a nt Ma Se SO PP SE si 8 Se i Hr tt Rue a en ae mi tae per re Py 


NMB P93, left otolith, inner view, loc. NMB 16854, Rio Cana, Cercado Formation, late Miocene. 


EWE PIQONUS SPOCICS etetencctes cioceeyetetTte ete ee oes aTa eS TS) tere GG, OETA eT outer eos TEg hoes Se eet hay eT Eee ER RT A eee 


NMB P94, left otolith, inner view, loc. NMB 15907, Rio Gurabo, Cercado Formation, late Miocene NN11 Zone. 


Bev AA DOGOM: SPECIES 74 Oe costco she ches icraice 5 a/as oabis te eyed that oasal tale ata ate Moma de Me Steal Ue Sau Sie ass oval ani dodtny Nis naste Re notsd UG NGASTE Mea Ek MRT ERSTS rev estoy ey Mitre a eneo te 


NMB P95, left otolith, inner view, loc. NMB 17268, Rio Yaque del Norte, Gurabo Formation, Pliocene NN12 Zone. 


BPA DOR OMISPECIES 2 Feo ae, scay es gs eis cys fo sha agen she ceuaye uray ay = AEEVSPOASLELSS TOTS CU Hep eg ee STE cote reos ee CIE Ae oe eet TS en Nahe eee 


NMB P96, right otolith, inner view, loc. NMB 17003, Rio Cana, Cercado Formation, late Miocene. 


Me ACLALIUSISDECICS Mee ree ie Retest es ee STII te asa nT Ta ERO PRE IO ea a Tere ae ee en ee eee 


NMB P97, right otolith (a, inner view; b, ventral view), loc. NMB 15904, Rio Gurabo, Cercado Formation, late Miocene NN1 1 
Zone. 

PA DORONISPECIES | Semen oor tases eee mya sa ap ee ata Yeh TEN NS ee BRS ae SS Le RO ERS Te correo oe eos one 
15, NMB P98, left otolith, inner view; 16, NMB P99, right otolith, inner view, loc. NMB 16837, Rio Cana, Cercado Formation, 
late Miocene. 


. Lutjanus campechanus Poey, 1861 


IRSNB, left otolith, inner view, Gulf of Mexico, off Texas, U. S. A., Recent [included for comparative purposes]. 


. Ocyurus chrysurus (Bloch, 1791) 


IRSNB, left otolith (a, inner view; b, ventral view), off Haiti, Recent [included for comparative purposes]. 


MOCVUTUS ATOM CRY SUFUSi(BIOCH 879) in ars cetecneree cetoieoe he eer cro oe ntact tyke acto eee eee ee Gee Cee aero 


19, NMB P100, left otolith (a, inner view; b, ventral view), loc. NMB 16837, Rio Cana, Cercado Formation, late Miocene. 
20, NMB PI101, left otolith, inner view, loc. TU 1294, Rio Mao, Cercado Formation, late Miocene NN11 Zone. 


LUT ANUS All tL .CAIMPECRANUSIE OCY ALSO layer ce ee ee EO eR EO eee Ei ea ORC Re ene 


NMB P102, left otolith (a, inner view; b, ventral view), loc. NMB 16923, Rio Mao, Cercado Formation, late Miocene NN11 
Zone. 
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Page 
. Pristipomoides aquilonaris (Goode and Bean, 1896) 
IRSNB, left otolith, inner view, off Mobile, Alabama, U. S. A., Recent [included for comparative purposes]. 
« IPristipomotdes 'SPeCheS i255 655615 he cst 3 SEs aus 6 4 SOLEE wsponed ole 22 SERINE WR OLD HS as CDE gs GOSS On ole eee EE Oe 62 


2, NMB P103, left otolith, inner view; 3, NMB P104, left otolith (a, inner view; b, ventral view), loc. TU 1227A, Arroyo 
Zalaya, turbidity flow lens, Pliocene NN14 Zone. 

4, NMB P105, right otolith (a, inner view; b, ventral view), loc. NMB 16910, Rio Mao, Maury’s Bluff 1, Gurabo Formation, 
late Miocene NN11 Zone. 


. Eucinostomus lefroyi (Goode, 1874) 


IRSNB, left otolith, inner view, near Fortaleza, Brazil, Recent [included for comparative purposes]. 


. Eucinostomus havana (Nichols, 1912) 


IRSNB, left otolith, inner view, Bermuda, Recent [included for comparative purposes]. 


 JEMCINOSLOMUS SPECIESEN ase. Risicssop5s.5 406 19g ce 5 ness tnd oe fool a) ap RTE ere ise A swt eH sav SIS eae -aligue sce hes gee eae ene ee ee 62 


NMB P106, right otolith (a, inner view; b, ventral view), loc. NMB 15910, Rio Gurabo, Cercado Formation, late Miocene NN11 
Zone. 
POmmadasys)SPECiS), ese.oie sys cies wi oi ove roho ie wis wisievahs ue Tayo a) 6 5 Letehersds eet ut suse SNe OVD Sus eee NET ehe fovg STete eked ve ohooh gee) Sake 62 
8, NMB P107, right otolith, inner view, loc. NMB 17288, Rio Yaque del Norte, Baitoa Formation, early or middle Miocene. 
9, NMB P108, left otolith, inner view, loc. NMB 16935, Rio Yaque del Norte, Baitoa Formation, early or middle Miocene. 


L MEUCIROSLOMMUS SPECIES *2) S525 sa, cvaus s Sikes aera pb vgetars WS veers Sd udcoyts aoe & a Tedbe © Petey o/s eS TEUTe ey hse ere eptreushe eR GES CLOSE RE Re eae 62 


NMB P1049, right otolith (a, inner view; b, ventral view), loc. TU 1359, Rio Gurabo, Cercado Formation, late Miocene NN11 
Zone. 


. Anisotremus davidsonii (Steindachner, 1875) 


IRSNB, left otolith (a, inner view; b, ventral view), off California, U. S. A., Recent [included for comparative purposes]. 


: WMoharra rhombea (Cuvier; 1829). iivsce:o'sixicrdiovers sa: oc, ovopaveve Soi alete Bibi wie: avers havars vale stones aveueleleioye¥ale ole lereislere sy OEIC Se ee Tone 62 


12, NMB P110, left otolith, inner view, loc. TU 1294, Rio Mao, Cercado Formation, late Miocene NN11 Zone. 
13, NMB P111, right otolith (a, inner view; b, ventral view), loc. NMB 15904, Rio Gurabo, Cercado Formation, late Miocene 
NNI11 Zone. 


3 CAMISOLTEMIIS SDECIES «255 fora t3fsSisscince. cs ees e a Sw ies jo toerwieie oe Tey egehs EE acejmie. als sex etorlese leis iSies6 Lelwars sles si chara sel xckersnepeyeteheVerel heher siete ten eee eae 61 


NMB P112, left otolith (a, inner view; b, ventral view), loc. NMB 17005, Rio Cana, Cercado Formation, late Miocene. 


. Haemulon steindachneri (Jordan and Gilbert, 1883) 


IRSNB, left otolith, inner view, off Guyana, Recent [included for comparative purposes]. 


be ET aemulon' SPeCieS Worse: Shere cates < tec sae yay 2 doe ns Sta rate yar afte Bayer sahd ee vere: ceevstabhelol eee NN el eieconepexepehe Teter kal NCU Ne Lee kOe ae eee =) 


16, NMB P113, left otolith, inner view; 17, NMB P114, left otolith, inner view; 19, NMB P115, right otolith, inner view; loc. 
NMB 15903, Rio Gurabo, Cercado Formation, late Miocene NN11 Zone. 
18, NMB P146, left otolith, inner view, loc. NMB 16923, Rio Mao, Cercado Formation, late Miocene NN11 Zone. 
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. Conodon nobilis (Linnaeus, 1758) 


. Conodon moreauxi, new species 


. Lonchopisthus micrognathus (Poey, 1861) 
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EXPLANATION OF PLATE 15 


1, IRSNB, left otolith (a, inner view; b, ventral, view); 2, IRSNB, left otolith, inner view, Caribbean, Recent. 


an Conodon:serrifer,) ordat and: Gilbert: 1883: zajace sccvsyarc siererseasisyele toe oor ere ree cata nre Sate aval sels Ts aot a re oe eee 


IRSNB, right otolith (a, inner view; b, ventral view), Gulf of California, Recent. 

4, NMB P116, holotype, left otolith (a, inner view; b, ventral view), loc. NMB 15910, Rio Gurabo, Cercado Formation, late 
Miocene NN11 Zone. 

5, NMB P117, paratype, left otolith, inner view, loc. NMB 16918, Rio Mao, Cercado Formation, late Miocene NN11 Zone. 

6, NMB P1118, paratype, left otolith, inner view, loc. TU 1359, Rio Gurabo, Cercado Formation, late Miocene NN11 Zone. 

7, NMB P119, left otolith (a, inner view; b, ventral view), loc. TU 1227A, Arroyo Zalaya, turbidity flow lens, Pliocene NN14 
Zone. 

8, IRSNB, left otolith, inner view, off coast of Puerto Rico, Recent. 

9, NMB P1290, right otolith, inner view, loc. NMB 15864, Rio Gurabo, Gurabo Formation, late Miocene NN11 Zone. 


. Opistognathus lonchurus Jordan and Gilbert, 1883 


IRSNB, left otolith (a, inner view; b, ventral view), off Puerto Rico, Recent [included for comparative purposes]. 


LTT LL RES 0s Cre a ae ee er Sear are. era tee a aan ceen Perera ea Cee crn ena ns exec ot an 


NMB P121, left otolith, inner view, loc. TU 1278, Arroyo east of Rio Gurabo, Gurabo Formation, near Mio-Pliocene boundary. 


. Mugil liza Valenciennes, 1836 


IRSNB, left otolith of juvenile specimen, inner vie-v, Haiti, Recent [included for comparative purposes]. 

POLY AACtY US! SPECIES. tei: 242) oiokore ove ooh ces CLS 6c Son Ta LD ste ee SUGWG Ue pico abe SCL STAT SL STNE: SHG SOT OtS) DTT a ae Me PTT ISPS OTe oie a oI ete lere eran 
NMB P122, left otolith, inner view, loc. TU 1282, Rio Cana, Cercado Formation, late Miocene. 

Polydactylus virginicus (Linnaeus, 1758) 

IRSNB, right otolith, inner view, Margarita Island, Venezuela, Recent [included for comparative purposes]. 
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Bairdiella:ronchus (Cuvier in'Cuvier and Valenciennes; 1830)! . 2. - «92% «<0 7) dele iin nee eee 
1, IRSNB, left otolith, inner view, off Rio de Janeiro, Brazil, Recent. 
2, NMB P123, left otolith, inner view, loc. TU 1294, Rio Mao, Cercado Formation, late Miocene NN11 Zone. 
Ophioscion' species... -3t ndehs G5 VS Pooled ole eee SER eR ah Dias eRe eee alee COE ae aE eet ete 
3, NMB P124, right otolith, inner view, loc. NMB 16913, Rio Mao, Maury’s Bluff 3, Cercado Formation, late Miocene NN11 
Zone. 
5, NMB P126, utricular otolith, inner view, loc. NMB 15907, Rio Gurabo, Cercado Formation, late Miocene NN11 Zone. 


= Ophioscian Species 2) <5 6 a.c55. 350050 05.0 © Sse sis. 8) ayn sin eves e/ajasnrms © use r0s biel oye cialavs us hod shells le axe lesale > Sued aletetsllststeystatals ae ee eee 


NMB P125, left otolith, inner view, loc. NMB 17287, Rio Yaque del Norte, Baitoa Formation, early or middle Miocene. 


, Ctlenosciaena latecaudata, NEw SPECIES 2)... 51,216 6.cie oe hays desoie. wie wince Wie Hie sya sa SIs ease ere aya sieve» 0s 1ee sara] see eee 
6, NMB P127, holotype, left otolith, inner view, loc. NMB 15903, Rio Gurabo, Cercado Formation, late Miocene NN11 Zone. 
7, NMB P128, paratype, left otolith, inner view, loc. NMB 15907, Rio Gurabo, Cercado Formation, late Miocene NN11 Zone. 


Menticirrhus americanus (-inmaeus; 1758): <<... sc )scsciee oes -oca 3 eo ataves pine © oie Saket h= HST ol ls Sopa yebe eugene Gro state Tae eee 
IRSNB, left otolith, inner view, off Margarita Island, Venezuela, Recent. 


ils Mrenticirr hus CRa0i: NEW SPECIES, 5.556 ice @ =,0r0ia.a 01s: 07d oso ss) bss 4 ele) aye erwis synltvesayertys) shae alaya, ss eyey-kepeas Fee eye ae ee eee 


NMB P129, holotype, left otolith, inner view, loc. NMB 15904, Rio Gurabo, Cercado Formation, late Miocene NN11 Zone. 


|. Menticirrhus saxatilis (Bloch and Schneider; U8O1)  ..2 6.5.20. 5 oe sees cus woe coit cores» ai eisadeneia eo Anois leo steletetiist stele ice eee 


IRSNB, left otolith, inner view, Caribbean, Recent. 


. Menticirrhus littoralis (Holbrook, 1860) ...... shuicailelaravacelovareps,claheavel/ayo/3ie inayetancial axed a veeis lela nT ene ee aie Oe ene 


IRSNB, left otolith, inner view, off Rio de Janeiro, Brazil Recent. 


.. Earimus breviceps' Cuvier in‘ Cuvier and’ Valenciennes, 11830) << <5... 60 cr were «eee cede ole cies fetetele ole eielehe |e lekoteta ssa et eee 


NMB P130, left otolith, inner view, loc. NMB 15903, Rio Gurabo, Cercado Formation, late Miocene NN11 Zone. 


oy Pareques: SPECIES’ cisco Roky op5. 0 61 kave se OG a8 es Sass, HS is SSA Spf dw. BANDS IRA err teatro aera Rotten ea eerie eee a aeenee 


13, NMB P131, right otolith, inner view, loc. TU 1206, roadcut at K17, Gurabo Formation, Pliocene. 

14, NMB P132, right otolith, inner view, loc. TU 1354, Rio Cana, Canada de Zamba, Gurabo Formation, Pliocene. 
Equetus lanceolatus)(Einnaeus;, 1758) a iciys «cicis iahere coins iss eee ae Ie selene ra eke el oe esti te patched heise ede eter ee 
BMNH, Stinton coll., left otolith, inner view, off Curacao, Recent. 


:) Pareques ‘acuminatus (Blochiand)Schneider; US OM) pyeieiere creccrctee cy ete ove. sosonojieieueiiaues ete) efetel er otey ete fstelenshogel=nels|-esnch@) eke ett ee eee 


LACM, Fitch coll., left otolith, inner view, off Puerto Rico, Recent. 


. Equetus punctatus (Bloch and Schneider, 1801) sila Sd. ss ava By euseue, BEN ecaya Sree Sane, tds cpPue Sie aca ccitav ana ee Vard tee eNOS ete RNONOLSIS tee 


IRSNB, left otolith, inner view, off Haiti, Recent. 
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NMB P133, left otolith, inner view, loc. NMB 16932, Rio Mao, Maury’s Bluff 2, Cercado Formation, late Miocene NN11 Zone. 
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ISPIY RAEN AISPCCIES) © Ae fare seca cakes EN re eta Eat Re aay ke eh th sal pe MESS RU ee a NRT a re fey Faas apne eters ator Sta Ma avleeaevs toySess SHG etoxayapenere 62 
NMB P134, left otolith, inner view, loc. NMB 16818, Rio Cana, Gurabo Formation, Pliocene. 
Dactyloscopus byersi Dawson, 1969 
LACM, Fitch coll. 2, left otolith (a, inner view; b, ventral view); 3, left otolith, inner view, Gulf of California, Recent [included 
for comparative purposes]. 
MLLADFISOTHUS SPECIES © Serr oes oa sa eRe OS Ss RIE SULA e ASL Ey TGR SN STV OE oe Fars eN ia etna e be 2 WY SVL Sy SV OVET HOLE oot v lores vere pe suera ere 62 
NMB P1335, left otolith (a, inner view; b, ventral view), loc. NMB 17005, Rio Cana, Cercado Formation, late Miocene. 
weDactyloscopidac:indetermimates <2 sec cc creec oso sos ccetseve ov oucvere 3 cieFe Avett, cre peiwvel es eUGe Shavers. oi sh ajetrarareyey ails coven ol aey ay se ohare musravere elles ob areveRs 61 


NMB P136, right otolith (a, inner view; b, ventral view), loc. TU 1206, roadcut at K17, Gurabo Formation, late Miocene. 
INCSHORBUS|(NICHOISS 1 OLS)) = sires ono is epee opeye Gua nege Ti nvede foo) cies ov erab he aaIalts SUSE SInIa Sela 6,0 evoke re evel slate ARCA casa ie a) v ene WoT ASIE Te stele eter ets eens axe 56 
IRSNB, left otoliths, inner views, off Bermuda, Recent. 


ME GO DUGAC SPECIES le emerges ance FN chops auc eas goes RETNA SUSAR Spee oe ay PESTA. SG beg BIER Gene ste SHOPPE rd SLs) OEE SEE Pic Pee RRC ea Si, 


NMB P137, left otolith (a, inner view; c, outer view), loc. NMB 16915, Rio Mao, Cercado Formation, late Miocene NN11 
Zone. 


BE GO DIT ACYS DECIES 22s scare tse we sn reo ete RTA Sone aE Np ePET HE eee se ese STD OOS As See ESE PE AW NSY EN e ehry or Fok cya OT OR a een ey Vane Rat eete ne fetewa ete eg arene 57 


NMB P1338, left otolith (a, inner view; b, ventral view), loc. NMB 15864, Rio Gurabo, Gurabo Formation, late Miocene NN11 
Zone. 


MOD IT GACTSPECICS 13 usieserranc cadet ers eae ten ee ePN ease ke (ESAS Boge foes a USER GAESERETED Sat eden eae OAc TONS COT a ere TEM ate Best svots Catt ewe inte hevay- iG Roane savers iste 57 


NMB P1339, left otolith (a, inner view; b, ventral view), loc. NMB 15823, Rio Gurabo, Mao Formation, Pliocene NN15 Zone. 

Bothidactin determinate qe ests Meade eye eats NS leat Sed ens sSp ans e wetio sole SUETeESTC aL re RPSL CoC STC el an alo tote ols aWan stots eintocstotennteaar Vets 61 

15, NMB P140, left otolith (a, inner view; c, posterior view), loc. NMB 16924, Rio Mao, Cercado Formation, late Miocene 
NN11 Zone. 

16, NMB P141, right otolith, inner view, loc. NMB 16923, Rio Mao, Cercado Formation, late Miocene NN11 Zone. 

Gynoglossidacsindeterm inate ssc. fesecosisvsase eocesessos/ ate case Oa ese cee RUE POLES A Cert he a ele eke ie a aia haLstoee eps fete aii chenaievnans a me veretatewsyanstegets 61 

NMB P142, left otolith (a, inner view; c, posterior view), loc. NMB 15912, Rio Gurabo, Cercado Formation, late Miocene NN11 

Zone. 

Soleidaetindeterminate ova cccrocr tn i ee COT e ee eee ee Steerer tee eee ie aaa 62 

18, NMB P143, left otolith, inner view, loc. TU 1294, Rio Mao, Cercado Formation, late Miocene NN11 Zone. 

19, NMB P144, right otolith, inner view, loc. TU 1373, Rio Gurabo, Cercado Formation, late Miocene NN11 Zone. 

Pableuronectidac indeterminate i sxerevenre.cietoave.: Gyenesecseketerers. miatensie) crenee sero teiste isletevevsncve sictoemiel cisietarshers’ci-asie chars meeretere etepeaa masons orensyemenets 57 

NMB P145, right otolith, inner view, loc. TU 1227A, Arroyo Zalaya, turbidite, Pliocene NN14 Zone. 


76 BULLETIN 340 


INDEX 


Note: Page numbers are in light face; plate numbers are in bold face type; the page numbers on which principal discussions occur are in italics, 


actinopterygian saccular otolith, morphology of .................... 49 
acuminatus, Pareques 
Gequalis; NCZUMIAU.seecsee senses 1-5 es 
aff: [defined] 22... co ee ses oet nosso ae tes cote aes 
CAppine My CLOPN Uy seces cecseecsens ase seee seek eee eeecaeee eee 
Albula Scopoli (ex Gronow), 1777 ... 
SD tasdaseseeneces 
Albulidae 
American Museum of Natural History, New York, New York, U.S.A. 
Pas Gas Corona dewaaie es Nonna Moe leon CARE PGS SIC AB ONG 6 ole Sen TeS SCE TE OMT 63 
americanus, Menticirrhus ..............0..00000+ jeete al Owe 56,74 
ANPUINATISEIOLOSUS mm acdenreeceeeeenccte cece see mere eee Oe 51,68 
VATS OLVEINUS: rose oer cece sno e cos oncom eS a een eae ee es eee UE ers 59 
davidsonii (Steindachner, 1875) .............0.02-0e00++: 1 | ase 72 
SD wa ccveneaasse secede fouls Ooeeweces Sane aw aeeTecoeee 14). 205 50,61,72 
ANSP [Academy of Natural Sciences, Philadelphia, Pennsylvania, 
NO SEA] Parts cece ie sits tos Saree aero crane a ae eee Eee Senne 48,57 
MTHS SC alcses tose nese sontenecccn nescence oct eusene seaman ec sueccsockaeneascacs 70 
ApozoniLacepedes USOM s-cccsccveestcsscesersastreseccsseeecesesves D459 9501 
13o 50,54,61,71 
1 ie eer ress 50,54,61,71 
130: 50,54,61,71 
1 KS eee 50,54,61,71 
Apogonidae 50,54,61 
aquilonaris, Pristipomoides ............. Bagaette.* Se ee M4 bee. if?) 
AS CaN DOS) Fas scaeiwa seaasanesanien detsde oun ess cstaltgse » ae sastade code seespeaeaess 47 
PATA Peeks cc ote oe ene eee ats aca ETT eee mae cee 49,50,61 
Ariosoma 
balearica (Delaroche, 1809) ................... Se 50,59,61,67 
SCIENODSARCIG NOS 4 Oe mcrsneccsuovesisuascasounerencoseces Qeisces 59,67 
aff. A. selenops Reid, 1934 ...................5 es DO0'S861267, 
Arius Valenciennes in Cuvier and Valenciennes, 1840 ....... 58,59 
SDS jevcovencestacs coer ecnsvacscns sence toate ten. seredcers LO 50,61,68 
Atherinomorus Stipes (Miller and Trotschel, 1847) ..................... 
SoA eon ope amen eet it AN ie res 12) =... 30559561570 
Atlantic-Oceanl cescc.cssasescssere-teactenccsucnsrestccvsa see reueasemeonere 46,52 
WESLOEN oes vocrnce coe enone rene se ene suc enc ccc soon cea Reece eee eeas retorts 56 
Australia, Queensland) .ccccccccuswcwceeseccstacnsdetowsescseene see cevnees ose 54 
Auustralianirealmy .ccsecacsrsseaccucesecessecshsteuccedsctacseseneweceneeccees 51 
Bairdiella Giw8 Glial eee seeetes ceveseoes ernee seen eres eeeeennces 49,56,60 
ronchus (Cuvier in Cuvier and Valenciennes, 1830) ................. 
Sdenbu decease cede vost (eee ane aunonsetecaneecnaners 16) ...... 50559561574 
Battoaibormationtrccse-ocseeccesccseoeeneccereee 45,50,52,55-58,72,74 
balearicaPATlOSOMa tres. cceacstoueanseesecneesess coe Dees tace 50,59,61,67 
bar bata eBrotulaPes wesc cae sceeccser merece tee eae eee eae 51,52 
IbathyaltaXxay ccs. corcectsconoreceancs twcuenteeccconceecestceerencatieerese cers 59 
Batrachoididae i. c.-c.ceccccsccccscoccucss ceececeteuteccucesecesunscadarseease 50 
Bavay, Daniel 
DenOlti SIV SODNUM ereteencec cece seeees-seceer sees seats 10 59,68 
benoitil(afk.) Ay Zophurn 2. cc -esecsceceeeo--cosses0ee LOMeee 50,62,68 
Berg (1895)! ccicsdevcssavestaneccassatacasctecssctesvacestsrscesws avosswycasessve 60 
DEKINUENSISNCAlADUSW ena tee en eee 59 
bermudensis (aff.), Carapus ..........cc0ccecceeceeeee 1 cee 50,61,69 
Berray (19 81) covcecave secccsteae share coeee sousensavecns tes scan sbarcetectevneeses 51 
Divittatum s Diplectrumiyrtenscrceeet seers concen aee ee 13 “Al 
Bleeker ils 2) ic ecneoncnccwonssacetcoscdecnceostacs ebadostumewmesenrancans 58 
Blocht G1 78S=U7,95) messcesessacccossesastees tees eearseetmaeetcess 50,51,68,71 
Blochiand'Schneideri(i8 Oil) es. scseecetesceeetescecceestecsteenes 51,56,74 


BMNH [British Museum (Natural History), London, England, U.K.] 


48,74 
sumdenceeese 74 
Bohlke and Robins (1959) 53,69 
Bohike; Eugenia’ <.2..0..0.ccscccsncosovesenevossensscscteseteaeeeeee eee 48 
BoldiQl988)iaeccscnsscccssce ere 58 
Bonaparte (1832)! 2..-2.c0).cas.cetesccseeeecseeenee-ceece te eee eeEe EEE 56 
Bothidaee.ctsecce eee eens 50,57,61 
INGE: §: ash se sesaghs dase Beas taeoseoe eae tes eee 50,61,75 
Bowden Formation. 3... :vccelscsessciv sacs cucecoveenascsten a ot aeeeneeen 47,61 
brachycephalus, Diaphus 51,59,68 
brachycephalus (aff.), Diaphus 50,51,62,68 
brasiliensis, 
IT emirampnus? 2orcccccctcceve eoen eeeee eo 12P eee 70 
Hyporhamphus [= Hemiramphus brasiliensis] .................+. 59 
brasiliensis (aff.), Hemiramphus .................-. 12 50,62,70 
BraSSOvPOrmation: ssascccceceqcecccneoceseates oeene nen ee eee §1,53,55 
Breder (1927)) 2cs...cccose. ccoseconc cutest sscsccte ee cee eee e eee ee 50,68 
Bregmaceros Thompson, 11840) ...........-.c...:c-ssseneoeeseeeeeeene 
SDs. ees ee 
Bregmacerotidae 
Dreviceps EL Arimusier-teec sees eee ete eee 16 50,56,59,62,74 
Brotula’ Cuvier P1829! 5. ie.ccs pececces renee 51,59,60 
barbata (Bloch and Schneider, 1801) ....................2e0000+ 51,52 
clarkae'Hubbs,, 19440 3. Roy .co ccc ceoteceavs coene eke ee 51 
aff. B. clarkae Hubbs, 1944 ................. 1 Wp Matera, 50,51,61,69 
multibarbata (Temminck and Schlegel, 1846) ................... 51 
ordwayi Hildebrand and Barton, 1949 
SD iv socc ten code oes Les Seo Baas Con dea ewan eae 
townsendi: Fowler; 1900) %........-.c-cccoscotecseceneccotaet tree 
Brotulina Fowler; 1946) yor ice. c.ccsecescereoesce eee ee eee 
SpOf Nol fi (980) ee eeee eet rece ree nce nneeeee 
Brzobhaty; Rostislav: <c..cccsss-ccssceseanececesterese 
byerst; DactylOSCODUS: si.c<cc.vesece-naceeceseenteettne 8h 
Bythitidae \s..0 0c. iccccecsssos.-seccdsostesscecctecete ssceceoen nesses eee eeeeee 
CAMPECRANUS) TEULJANUS cee seco eee eee 13°23. 59,71 
campechanus (aff.), LUtjanus ...........000cc0ee eens | Ie aera 50,62,71 
Canary Islands 68 
Cape: Verde Islands... sv... s.cccoscbeccces cotesceseeeece ee ee 69 
Carapidae® <2i....cissccesencsovesacsteches se ceeetee ss ecee cee Re ne eee 50 
Carapus 
bermudensis (Jones), U874)) cccce-accceccctcatecncee eect cceen eee 59 
aff. C. bermudensis (Jones, 1874) .............. Lt pe: 50,61,69 
CGATIDDGCG* SQUIIAG seeeee sence eee eee 10: 50,59,62,68 
caribbaeus, Coelorinchus Lie 50,59,61,69 
Caribbean! region! <.2-2<-.0-----e2e-e 45-47,49,51,52,54,55,57,60,61 
Bahamas: es.cisséccecesvssscveess cece steevccsecesdetavee tee nee eee 70 
Barbados cccccocscaccaccoccccccadecssests Oecteo eee ee 54,61 
Bermuda Islands .. 57,7213 
CUBA seco ase cokes coe deaa deve oc on scows Save sen See EEE ON EOE eee 67,68,70 
Dominican Republic, 
Eibao Walley sh ccctiseciewsece s cosSeeee eens eee eee 45-—47,57,58,60 
Arroyo Pumial! 222. 00 03.3scsacnvedens cccaswetecumsvacetoe oem eetetee 46 
Arroyo Zalaya [= Canada Zalaya] ...................sesse0eee | 


DOMINICAN REPUBLIC NEOGENE. 14: NOLF AND STRINGER qi 


GUAYUDING oyace ei ssosavecs. Seas sect ea cane eran ucesk dwsaweasetecedesees 46 
CUETO) © te A Re a ee 46 
MOS \@UCMAdOS! -ssussescssccsewsscesecectese ct savesecUeswanetacesecs at 46 
Mao .... 
Moca 
Moncion 
Navarrete 
Rio Amina 
IPOtrErO Dame Aen ttece.oocestes ous setwns cesses sussss stapes ass 47 
IRTONCAN Aas coscsaesasece ceeeees 46,47,50,52,53,55,56,60,67-75 
Ganadayde:Zam bal .2..ce.cctccs coscscceee once teees<nceseecepede 74 
IR) (GATE NATO coricocheceeeBnasecapect cere ACacoone odemestseaseacnces 46 
Rio Gurabo 46,47,50,52-56,60,67-75 
RIOR MAO Bree cae cernsaaecsncesrans ce 46,47,50,55,56,67,68, 70-75 
Matin rst Bs flay creceecesseaecsaces octane sceaeecevosseeses 47,68,72 
Maun yaS IB IULE2 sonore cccsravoseccuenae seems noanene eee 47,67,74 
MatinyisiBlufiisis 3 cussseesssscenvesscearcctenrevcuenceccsceuews 47,74 
IRVOMV Erde! .caccse.cesecse- 46,50,53,57,68-70 
Rio) Yaque del! Norte ..........:0..:2:-+:. 46,47,50,53,67-72,74 
AMgOStUTAa!GOLPe! cvccnuecs cc ocevovecwecotsnosascesssevocbenceeests 47 
FATEOY OVHONGO™ ecscsnssssisersss sospcs senveee sweewtoaeavenseesces 47 
PATTOY ONL ODEZicaek cine saute Cove seaseaese wecuane Tacastonaceuvenustes 47 
Baitoa Cliff 47 
La Barranca 47 
WAND OCA Ne sesveses seus snssstecdesivesssasascecsTeuaeeniesveeneveeeaes 47 
NEO DE ZIB Me eras cose ee steaccecen tesa eeenaces Soee este sene aeaeeos 47 
San tla gOm seen caccec seers ate ne sete snaeen Soe ese each tees 46,47 
Santiago Rodriguez 
Wall VETO Sista soessxchatenscieais «aseseantecdeu cts ss uecwncetaancedeceeeeese 
ZTEENON OE. cadence Ga gOCHR OUR ER TOT oE Rae OEE R CCRC ROLE ERE OM ennenee 
LEI TI, a seacepbone ps oe do RUNS EET SerHe Hace EER Dtacer nee eUrER aaa 55,71,73,74 
ENED AGE), SB Otc p nope pe canc ioc oer ede acre Senco NE REP EEE cERAcsEerte 47,54,61,69 
Puerto Rico ... oe = aa ne 73,74 
southern ........ at Bes ath sen 45,60 
rinidad?:....... Os =e 47,51-56,60,61,70 
Bari bbeany Seay crete sscenece -cosseetae ese 45,48,49,54-57,60,61,73,74 
BIOIDIIEES PET IONOLUS yocecl ceo caccece soe ceeeree ee eee eee ES 12M ees: 70 
RBAS IOLA (195.8) kere sec ac econ nee dese mecmeeeae sa tauin conaceaianegktant ae Meee ee 
PRASICTA NOOO) cose stcscnck soocec teen e wen cok ean ean cone NSS ST 
cauda [defined] .... 
RSeritralWAMeni Gal cc.ces ese: os 2.5001 essa on Sout ne 
Mexico, 
PN CAD UICOs case erie ste oon cee eee TERA Eee oh Sooo onan ne Sete bee ee a deat 70 
WiCTAGHU Zia cer een oc eaerne wn at Teak Sacto ne sea ee snes Sawa oeee ee een moe ees 61 
PRAT A AG eee s ceee scene ckee oon ose Se ies aeiee seule? Soce pabe ad sued ecenden aeetaeds 61 
BEM ULOP OMNI ACs ee ees see meen oe Sece valenthe coeeeat ase itnacels ee scseeeesissseees 50 
BREIL ODOINUS Ree eee arene rae eee ee eco oar eater erate ee eee ote tees eae 59 
SD ee oso con tc cokes cue se We ec sere eataaven seseeete Lee 50,61,70 
CATE OTD TID eoPesecs esa CaP ReREEPEE EE EOE ED ER COPE ECE ACO EC CEE AOE RCE ERG ACerEE 59 
philadelphica (Linnaeus, 1758))...............++s...---- 13 ...... 71 
SDN eo eo aacc ce iecntixacccetesess 50,61,71 
Cercado Formation 45,47,50,52,53,55-59,67-75 
Wm ehined | tecrsee- ssc acsoccsesceheeccs Sc necteet eae ronan eae Ee Hotes 49 
CINEO (LUSH Ves satenen ceed ondneboenbesaneascneeeeecoctanteetecnesnaresreroceconce 56 
BOTTOMING coe ac cc sree once can seseeicaneesacue vie soblistin tae dasacwone secssve seers 56 
BUGOMEIMENLICITFNUS: c.csc-..062.cs:ce<+s2-.0-- 16: 3: 45,50,56,62,74 


Chaunacidae 

RAR OUTIOXASD Sirocco teen ce stone cot eecesawies tees ar cssses 11 

BIICK ITE Y MOLODRIGIUIN Paieacvexecseee ss scccnsssesseccccessce st: <Suete sess: 53 
Be POLAVROTMATION Looe -siccve ston tecseot soveesetescstsccecascuteese 46,55,61 
Chirichigno (1969) 

chrysurus, Ocyurus = 

RV SUTUSH(Alt:): COGVUIUS: -.0cccaseccrsssce-sense+teoesl M3) econ 50,62,71 
LEC MB TOLULL eet sod Foon IRENE eas cae Te See eek on Ce 51 


Clarkael(afis) Brotula) Wo..s...c2.20-scsseesscosters 1 eae $0,51,61,69 
Glarke and Bitchy (197.9) bac eaccees sea cceaeseeean aeteenentes ence aes 46,47,61 
Glinidae aye Pee ek ete Rie 50 
@ClUPEl das odo siei eed. outers ese cennceon scatter eneeae nooo na 50,61 
INGEST IRA onc iseici csteseansosaaecuontueses sotesonenrereeey OMe 50,61,67 
GSOCCOIELB'3'B) aaa Reioodec season recon va onoasion dete seeoous Seneeeteeseeees 50,68 
Coelorinchus caribbaeus (Goode and Bean, 1885) ....................0.5 
See ora sc Poa v ecb Sos vale eeu e cove woua Suet Il... 5035960769 
@ohen Daniell. .scteccecacawceeseseue wena See eae se anaemia erence 48 
Collete Bruce vB iit cece. sc ceesveveseee exlguonccbovee etece sees svenevevoroesstes 48 
Colliculurn (defined | \eecsveteras secs esces seer toes oon eee ee eee 49 
CON RIGA Hc cecevecech escceeseascespesceavonete secoen on eeeeeeteae 46,50,60,61 
Conodon Cuvier in Cuvier and Valenciennes, 1830 ...... 54,55,59 
THOFEAUXT, MSPs ceesncnssesece cere coneee U5'2t > 45,50,54,55,61,73 
MODUS (LeINNACUS 4 li/OS) Wereeeseererctaeecesesee see eeeee AS\h5 Se S5s7/8) 
serrifer Jordan and Gilbert, 1883 .. 1Sv2LS 55573 
crista inferior [defined] 49 
crista superior [defined] 49 
Ctenosciaena Fowler and Bean, 1923 ..............-.-...000086+ 55,59,60 
gracilicirrhus (Metzelaar; 19)1'9))....2...--.cces-esecse-cesessoerecero=: 55 
latecaudataameisSp e-ce-te sateen een ereeee ee 16) =: 45,50,55,61,74 
peruyiana: Chirichigno; L969) enscevscaseeeeeecerececerses sessed es 55 
(SULA CAO Were eee sees teerens ses nasses sane seus et vontueseasuretodcnessoesbeeeeres 74 
@uvieriGl SiG): <.osccccecssacesoateccccuses ot sectence eee deck casters erence 60 
GUVI ETS 29) hee Aes aos oc Saeco acess cas awectecueatweste este 50,51,55,60,72 
Cuvier and Valenciennes (1828-1849) .. 45,50,54,56,58,60,61,74 
Gynoglossidae :. si.csi.sscceccseeeecieeietscenctcases sevsecceseseooesbosteee ores 50 
ANGE B esac eet oes esac eee tee ae Seong seen eseeee jae 50,61,75 
GEynoscion Gils Gilde... ccc. sees seoee scce-oseeseecaeesecostosoeteacessee 60 
Dactyloscopidae! 25f5.0.02..0sssececcec sec anssneastevasstnccsteesdeense 50,61 
ANGEt a coc.cocsacsustak saSebes Gaseeewesacucasere ree rosso eee $0,61,75 


Dactyloscopus byersi Dawson, 1969 .. 
davidsonii, Anisotremus 


Mawsoni(li969)ic:...c.cee-ee- ne oe 
Delaroche (1809) kere ae. teew ete eo cava rccencecoesettesates meee eee 
Dermatopsis|@Opilbbyail89 Gy receseeaseeeeeceeeseceeeeeereteeeecnenese tees 
Diaphus Eigenmann and Eigenmann, 1890 .................. 51,58,59 
brachycephalus Taning, 1928 .................... 10:25-6 51,59,68 
aff. D. brachycephalus Taning, 1928 ..... 10.25:5.: 50,51,62,68 
SP lerseti cancels. setae case set hose rowueeuuescbers 1Oi eee 50,51,62,68 
BPS a eR pee ce acci vac vsbenncatdvevsontwastaanenes NOV ec 50,51,62,68 
Dinematichthyimitsccs..s.c.-osc--- sees cess eece- cece en res see eseee 53,54,58,60 
“genus Dinematichthyinorum” sauli, n. SP. .......-...-22-c00eeeceeeeeee ee 
sided ac ruecuesdctevecws ca nesoesstieenes dats 12 ....... 45,50,53,54,62,70 
“genus Dinematichthyinorum” smithvaniZi, 1. SP. .......6cc0eeeeeee eee 
OF CECE OGLE EOE RE oon Pee Cte 12 ....... 45,49,50,54,62,70 
Di pl@Gt rear eek eo ecwavcnes caceea nas een dca causewe se wacwesaeenawcneesee toe cocecees 59 
bivittatum (Valenciennes, 1828) .....................655 isi 71 
SPs ose ears cau ede ese os Sere ba wesuan ect acouheeesuen ae Sees 50,62,71 
Gormitator, Otophidium' 2..c.c.sccsecsssseseeesss+sees 1 recor 53,53,69 
dorsalirim) [defined] |\3..2s.20eccsccusscoecesecese-s sees acausccoressocesesteet: 49 
Eastman: (1904) icc snc ccdevsssessesesscesievieve’ssieeete te siticetunssarcioveucontsdens 46 
Eigenmann and Eigenmann (1890) ................22.---sssssseee0s 51,58 
Engraulidae aersccsctsscs saccsses econ scesteeteseastraetes sac aecsanaesesans 50,61 
T0100 Eee eee aera Aa er ee ae eee eee OD escxe 50,62,67 
ESDISONUS sone swecacactadescserans este sc coes sanceacas Soca cedueaenooaeednecesenens 59 
SD occas oes oecess erste wok ose bs veh deacons atten sehav abeaden's M3) escccs 50,62,71 
IE DINCDRELUS e wecscce sane Rccn ots aos Cot ox Cd See eEs SoC aN Se Sle EESEEES OE Oe EEC 59 
SDi deacsecunconsusctne ae chas svaestee ster adenevous doses ts 1 ie eee 50,62,71 
SENIATUS (BIOCHS M92) ses cecencusccssckenatoosesoteesrencees 1 Ee eR Aer 71 


epipelagicitaXaleeswescccecnteec coc cne seca sescaesveecsserstaaserecnccencecseaes 59 
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FE QUetUsHRATINESGUE WIS ieee neces tesececce ade sees seeeeeeeete caer ee 56 
lanceolatus\(innaeus; 1758)i......sss-cs-csceteseeens 16.2.22 56,74 
punctatus (Bloch and Schneider, 1801) ........... 1 Sees 56,74 

IE UCINOSLOMNUS iesch ce cec waa soo8e oitsane Cas One came am ee eeueed Soden toa eae 59 
hayanai(Nicholss 1912) heen estesrssececcssn tere seoecee ee 14) 72 
lefroyi(Goodeml87/4)ererecce-t teeter cere hace eee aeesece LA merece fa 
SDs We dececesades cee tvect oes seweeaes Seas ate nvenee ses eaeee $0,62,72 
SD MONE sen oe cece cans cnc snee dee ssecncemedoseeeteees 50,62,72 

Eile ptOrRGMPRUS| seceenee=-oeates os nak ee seat nee Peace eos ee 59 
SDs eager ere pte se oeese seeee oemecaees oan Seoaeeons 12 ot 50,62,70 
velox Poey, 1868 on PF crea 70 

EURO POW sa soes fa Shccescocs son sacs deans oedoescacesoct notes cvestaccsedrecssSeaesese 54 
nrancexsouthwest Aquitaine sssssssstee serene cere enee tener ee 54 
Portugal (te iec cs ect ete dee secs ccuses sce ecec tase seen cette sae se Re eaeeee 54 

euryhaline taxa 59 

excissura [Gefined | \iecc1cce-ce-cc-ssce saee nc sseeeceren ie cooes see seee scene seee 49 

itchtand! Pavenberpi ((1'983)) 22s: sescc ceeeces snes cone coeeee scans 46,52,61 

itch Onn be eet oa ceseee ores 46,47 

flava, Hildebrandia 

loridaiS trait. 2.25 esc cu stecesea encase cae oe Pa eee sec nass 

NONLIN AUIS SQLIVEIINUSH aren cence eee eee CeCe eee 

Formalin® 

Bowler (L900) eae eee oe ea ota wc act aa pa cencecees eS ESeeE 

Owen (194.6) hie ee a acer cnn nce eos bo sece eee eet oes 

Bowler-andi Bean (1923) ioe se ecco e ce ceec tne oe oer 

ErizzellrandsDantey (965) ese. seaceeenec eee ear ereee eee eee ee 


Frizzell and Lamber (1961) 
Frizzell and Lamber (1962) 


(GeYa Foy tal fo Ns ae RR OE Sc ROSE REC ORERC Soe re ace Oartar iceeenahaoc 
Garman? (11899) Pee Ae aac cos eccs a soaoae ks seece Dinos eee ee ateee nee 
Gerrei dae rare: 5. ccs. 5. see seen nseeak oes See ee abs soe EOE 
GibbsaRobertHincestssse<sesectecscesnaste- tee 
Gilli@i86la)\ eee a A ee 
GGL SOUND) ie wwees se oecteans cestctuacwsevskeoss vse te cose ee 56,60 
(GIN OR 6721 Fae ree nee eeoorpociacdasetnancn a iocanceraeerccrractcsrcecccsnoces 56,60 
Gill (1862b) 58 
Gill US 63) ieee ers OR ee ee ee 56,58 
iN S OS irae sccc eet coe sacce oe nae sas cobak oie ace veers awca anna eee wine ees 52,53 
Gilletter(984) pe Pe cc osc es caten ween ata ee oe an aan eee ten eas creneeeeees 47 
BILLING ODYtERILES) seccaeecenscu= se. csnsas-ses 2% 12ye: $0,53,59,62,70 
Giratd!(1854)) 2. cos cic, .ceticee se Secaees coe ee Sl 
Globigerinoides trilobus fistulosus Zone .............60...000002004+ 47,50 
GloborataliaiextlissZoneaecceccssnieesec os cksesee eae ee eee 47,50 
Globorotalia margaritae: Zone <.....c.2c0..c2cesecedessnseeetenceo sess 47,50 
Glororotalia miocenica Zone ..................-0000+0++ 47,50,70 
Gobridae' Bonaparte; )1832).-...-.. s.cscc0s---0-ne ees eceseeees 50,56,57,61 
SD lear bee eh ies ioe tao iWyecnes 50,57,62,75 
SPS 2b eosawh tee aes | eee 50,57,62,75 
SDHS) SOAS: sere ctvestaspavecsntesaaewa sees coves ees | by freee 50,57,62,75 
CS foxo%e (ai () M377: ) Ree eR eR Re re ccna 12 
Goode (BiG) yiceseace sev sees ec se ctese ane ukas eee eer mae 56,58,60 
GooderandiBeani (1S 85)ir...csscsseecueesorereercssesneres 50,53,58,69,70 
GoodeandliBeani(1886)ieecc-ssessscennceecnececccce ce neresenseeee $0,53,70 
Goode and Bean (1896) s- D0398:67572 
PTACTIICITTNUSGLENOSCIQEN a tena eee ne 55 


Greenwoodserta/ (1966) leessae cere tesceetee nee cenee aaa ee 
Greenwood, P. Humphrey 
Gulf of California 


GUnther. (USB)! c cc..sca seks scdecnecacbeccesssecasseene-onoe oe oe eee 50,69 
Gurabo!Formation! ...-5-----cs-eeeee eee 45,47,50,52-55,57,58,67-75 
I AeMULIAAG oo oes ccioc vaca sscncsvecotceroncesecesee erase soe RE 45 
Haemulon Cuvier'829) pee ee 55,59,60 
Cy 0 PAH AUB RR ERD toe en OssRCE CSUR SABE CRORE COAUaUSORCOSASSSE 14) oie §0,55,62,72 
steindachneri (Jordan and Gilbert, 1883) ............ 14,7 72 
Riarteliarstenteeseeeesee nee 48 
havana, Eucinostomus J 72 
Hemiramphidae: .....2...cc.accsst ease oxwnceossoveesnene eee 50 
Hemiramphus 
brasiliensis|(Linnaeus: 17//S8)\.-cosseceee een eeteeeee ee 12 70 
aff. H. brasiliensis (Linnaeus, 1758) ........... 12 rccce $0,62,70 
Heterenchelyidae oo... ex ss.ccscsencestoncsussaseossteenee eee eee 50 
Hildebrand’ and! Barton) (1949) 2.2.c. .ccccconc- senccneneenee eaten $2 
Hildebrandia flava (Goode and Bean, 1896) ................secceeeeeeeeeee 
STE ae aoa cece eo eee To 9 ...... 50,59,62,67 
Holbrook (1860)! <..c..0.-<0c-2<2<sa:ceseceoes codsuenaeeeeeeeee eee 56,74 
Hlolocentridae) cs.ccs. ccsscaciscavcs ve cancnvedesssaeueeeace eee ee 50 
Holocentrus Scopoli (ex Gronow), 1777 $8,59,61 
SDs o.cseceeee $0,62,70 
Hubbs (1944) 50,51,69 
Hubbs‘and'Schultzi(1939))eaac.-.csccesccscconcccneceeasc eee ceeeee eee 51 
AYSOMP RELY ZODRUM ca wcac sce ee coeseeece ee eee cee eee 10) ee 68 
Hygophum 
benoitt) (CoccomliSS8)imssr.ccse teen ee 59,68 
aff. H. benoiti (Cocco, 1838) ... 50,62,68 
hygomi(biitken 11892) coccee.- casee eee ocwesaasceeee eee Oe 68 
Hyporhamphus 
brasiliensis [= Hemiramphus brasiliensis] .................00...0++ 59 
unifasciatusi(Ranzanisil\842)0e-cseee eece Wee 59,70 
aff. H. unifasciatus (Ranzani, 1842) ........... I eine, 50,62,70 
tndefatigable, (O1OPRidium’ x. ...c.ccs.c ace .nasseceen eemear eee eee 53 
indet., 
IBOthidaeys Fears oes ceconec areca eee ee | ly rere; 50,61,75 
Glupeidae  ecr. escncevecce oocece tear eee ener eee 50,61,67 
GyNOglOssidae ..ce.cscccescssc nce steneseetoeee ene V7 eS 50,61,75 
Dactyloscopidac <...c..s<-sceseare secre erence IW fees 50,61,75 
Engraulidac?. 5.2. cseccsccccto.b swasons costeerteeenenee 9 22 50,62,67 
J PleUrONeCtiGAes csc eee erence eee 17 50,57,62,75 
ScCOnpacnlGae eereae= coca cee ees eeee eee eee eee 12) 223 50,62,70 
Soleidae:. 22.5, i sicess ees cases oer ee $0,62,75 
Indo-Pacific Te gion. ..-.-e-se-n. coerce nseeneeete ene ee $1,52,54 
Trelan ois cicccciseeadcecsecsteces favcecsssneoutssseteissee neste o eee 69 
IRSNB [Royal Belgian Institute of Natural Sciences, Brussels, 
Belgium i: adc ccc scccncesasucacute seaneee scene 45,48,66-75 
Tsopisthus Gill, 18628 x ics.cses00 ses ovs cs ssenestessteneee eee ee 60 
Johnson} ‘Ga David). ..35. 4.25.0. ccc cscettentcncoeeres eee 48 
Jonesi( 874) cscccslhedsccsd aeesoostececieans hee 50,69 
Jordant(885) iv csecewews cca cc cecesewscsncsndeateae tee aee ee 52 
Jordan and Bollman (1890) wes 99 
Jordantand/Gilberti(l883) ices. -c-cecssoveseeseee 53,55,72,73 
Trung} Pete rece. Wc cesti os eeccdecscsod westerns ace eee ee 48 
kallion; Tepophiditr rica c.essct casa cne cece eee 52 
Kokeni(l888) cs cccsicccnccccscs.sccaecteosecsasoswocseeehoteans seamen ee Oceee 46 
IE AbrisOmus Swainson 18390 .cscestes carer ee ee ten eee eee 58,59 
SDictecoecnre sere eee eee 1 eras $0,62,75 


Bacepedes(1h7/ 9811803) irecnccesscreseseeccsseeececseectenest 45,51,54,60,61 


DOMINICAN REPUBLIC NEOGENE. 14: NOLF AND STRINGER 719 


LACM [Los Angeles County Museum of Natural History, 


Los Angeles, California, U.S.A.] .............s..eeseeeeee 48,74,75 
RAItGO COLECHON Ec .c0.c csescceevodn seeds sbekcheseneSese te seateeneeeee 74,75 
NAC LATA AC eee saacnoneadccnckaasceuls seeiicwstesiaas nogeanspa ce cade dueenss couse 50 
Lactarius Valenciennes in Cuvier and Valenciennes, 1833 ........... 
45,54,59,60 
; 50,54,62,71 
MEZTIGCOIOLUS ME) QUELUS ueacaoeedsaseseesecesserstesnsec ames Gis 56,74 
Larimus Cuvier in Cuvier and Valenciennes, 1830 ....... 56,60,61 
breviceps Cuvier in Cuvier and Valenciennes, 1830 .................. 
3S SUERBEE EE COREE ATER EER Aca ar ERE See 16 ....... 50,56,59,62,74 
latecaudata, Ctenosciaena ................+. 16) ..245 45,50,55,61,74 
latesulcatum, Lepophidium ................. 1 eee 45,50,52,62,69 
Weavenberg wRO DEM. .<....s.csdeceecsescsiccenganssmesnevaleenaemapme vase sects 48 
"ee lath (CERO) Res 3 eee ance eee e ee aac eRe Cant nen acte temeetacenaee 58 
FETFOVUME UCIOSLOMUS) ces cns cscs csaeede=sosesssescsecaecensetes 140 72 
PEDO DIMI Mecsas war acntiesosoc ve seaaene oy conan teeee oats one eros de Seen 60 
MAE HODNIGIUING AUS 895) s scccanwessscchectattee se ecsese ne teaceee 52,53,59 
KALIGHERO INS 31959 Dirorscce cece aac erence reset sate teen eae 52 
WfESUICQLUIM, USP; .c-2ceoeeeseeceeeseees 1 ers 45,50,52,62,69 
NaurODNOMRODINS OS 9a case ce seen eedeeasaseace sen eee eesee sone ones 52 
Meri GHei (938) een ccotecnsas cee eeece sete ace te eetaee cer ane eacteaeae 47,61 
[LIGTTD, LS2d lee Sens cone Rec eeee ieee nS ence eeene Serer See nec iS enecReeRetcnbe 48 
HBINITIACUS (LSB) \.cecwoccccse sn ecoussesesseswse ance 50,55,56,60,70,71,73,74 
LITA EETS (CUZ/TN) er coerese se eeertcnnec ace onecseecccr ace ren oriae coc Ronenee cate 70 
WITLOL ANS Meri CII RUS, 2.2222 .c%. <2 s.2e<0e<ce.ncacee=+8s- Gi cesrs 56,74 
'BeAGL, NVARI GH cent onGepepOneeEE EEE So TeCRER EC eRe ECERE EERE CERES 15).458 73 
PRON CHOPISEAUS GUM MIIS O2 Drcacecs ccscen nese: o-aake sonora tone cae eereer 58 
micrognathus (Poey, 1861) .................. 1S ici. 50,59,62,73 
FONCHUFUSHODISLOQNALNUS. soscessme-seoaccusscaseoataceseos-ee Sie 73 
WOTIOUSMEN OSs seen Me Sa sc secse a Sadaaeases sca seeecsdsteeeees Wy ere 56,57,75 
MENS UJ ANNICAC ese ccaec a veccs=.c veces cavsicevees coeds oscns sce eu evee seeeneoaeee seas 50 
Lutjanus 
campechanussPoey, V861" 2....c.02--0.cere-ns-sarenes: ASi is 59,71 
aff. L. campechanus Poey, 1861 ................ NS Weare 50,62,71 
NBUECKETIN (118 9D) Sse ce ss sce cance sone cens demncsenes ne aoeeac nen ensue ee eas eee 68 


Macrodon Schinz, 1822 


IVIACTOUTI GAC cee cos onsen ves samen oases eee teen e eee Mac zenunesseaeseueee 
macrurus, Pythonichthys 
MiatizanilavROrmMatiOn ...c-se.csscsces stance savas panceesooroensesheees 55,56 
IMAONROPMATION ........6.sc00sse000-0 45,47,50,53,57-59,68,69,70,75 
MaorAdentromcimestOnes,..cc:-cssescccseesees hiscscnereaease ee eee 47 
marginatus, Neobythites .................06. | Pee 50,53,59,62,70 
IVIAUIILAT Aten e eerses ons cet eooatsvea cates Se cnc t aes oti Noma cowa ee See REE OR 68 
IM IANYEP (NOTED) S condncdasa3cec oes bod cos BOcRE ea aBdda- soso be aeeprEeeneskoorecd 58 
MCZ [Museum of Comparative Zoology, Harvard University, 
Cambridge, Massachusetts, U.S.A.] ..............c0cecceeeceeees 48 
VAC TILIGITF NUS Grille 8 Gilitymewrense sere ceneeen crestor ceacc cee ceeeeee 56,59,60 
americanus (Linnaeus, 1758) ......................5- 16 56,74 
CHAOUATASD 8 hace ccc vc ccteech senceun ceneeck 162. 45,50,56,62,74 
littoralis (Holbrook, 1860) ...............0.0c0cc eee eee NG ose23 56,74 
saxatilis (Bloch and Schneider, 1801) ............ 162224:- 56,74 
IGT RIGITG ETS 3 me piaacecaeeeceisc00c0 1s us uC SanSe do dae Sa aCERSCHE onc EE CEGRE ROSES 61 
ESOME lA PICMAK ANE: eats sores sesteomorne seats seseeew sk oe ses ccne enue so seaeeey 59 
Mretzelaars (OI) Mate eect cesarean ransc area eer cease concen nee 55 
micrognathus, Lonchopisthus ................-. 15 iek8: 50,59,62,73 
microphthalmus, PythonichthyS ..........00..000000000000000+ DS eee 67 
MISSISSIPPIKCMDAYMENUacese- cassce saseseeascens sesteseeeansceeet ees steecase 60 
latch ile (W814) sees soscos seas ececacca aoeecnoneersosue den nes seaE eee 48 
PO RATT AIP OCY alll SU Du ecreorcececccerececcee norte eee cee ee eter nee 58,59 
rhombea (Cuvier, 1829) ............0c.c0ec0eeceees 114) Sec 50,62,72 
IVI DECAUKSUE wee sip eee: c cannon siech: schccasercercoss rere reac eee 55 
IOLCAUXT ACONOAON 5-22-22 skcoseosenceeeee i Cer 45,50,54,55,61,73 


MoroccoswMarrakech) 222-a--senceoe acest te cee een eee ence 68 
Mugil 
liza Valenciennessili83 Oiees-cse eens eee eee = Sie 73 
SDs uochasuniensececesoncaaetetetesbepeebaesaneaamesecee 15) oe 50,62,73 
Miuipihdaete 29%. Bic 552228 ee tore cc esseseesn ese eascuaee ott aiei ete open 50 
Miiller and Trotschel (1845-1849) ................c0cececececesceees 50,70 
MUltibarPAlaWBQlUla wedeccoesteccceseses toes weseeascasseeescaseiseceter =e 51 
My ctophidae= sii sccssesetssecnasccectovotsns coaoencteoccssessbecdeap ceeds 50,51 
IMYCLOPRUIIN wacdoseavigend co ucoe sas scucusteedeteccstevsies sedwccesee aera ee 59 
affine (EUtkensplt8 92) ioe crcscursrcsoseeare vases eer enccnenes LO} 68 
nitidulum Garman 899) ec .sccessesecercss- sesso ences 10 Uae 69 
SD Bei acea cans bod oeecees eee see eeres pce st teen baer ete Ones 50,62,68 
PLY KISS ONCHOVAYNCRUS 28-cs-8-e eee wee eee waetes Seees ee se aaas eaeee sees 48 
PY NLAStEr, PONIGHL Wy Siy- cee ace seccseeacecseaseeeeeeteee sscaee es seaneeeaace= = 51 
My fipristidae fice. cccsecccovescenesscaccedev dvds etasedas deat sdeeesee tases 46 
INarivavRormation Saki cicicoscasescsesoswancwodseocn se ecewcsesesesesicasnaee 51 
Nebris Cuvier in Cuvier and Valenciennes, 1830 .................. 60 
Neobythites Goode and Bean, 1885 ................:cs.ceeeeeeeeees 53,58 
gillii Goode and Bean, 1885 ............ 1 per 50,53,59,62,70 
marginatus Goode and Bean, 1886... 12 ...... 50,53,59,62,70 
SpsOfi Nolfi(QS 7G) it stccesesssce secs see sce ase ree eee 8 oe 53 
ING obythitimiy.. ccc. sceecas seasacescene se scomteeee es ae eee Oe 60 
NETILICMAKAL: sccsecscgeaseseaes ccs cerec sc mooee ahaa rreee acct e eeeeLe eee 59 
Nesilongusi(Nichols) W94)) 2 esscce--- sees eoeeeeeee 7 ase 56,57,75 
New Mexico Bureau of Mines and Mineral Resources, Socorro, New 
MEXICO MUESTAS cic cacscnceesinestaeniesstecee een eeh sce ene eee 48 
Nezumia aequalis (Ginther, 1878) .......... Miligensee 50,59,62,69 
INIGHOISiGUOD) ess evi ce sce cosets ese soeee sees sere ee cee dee aera eee 72 
INiGhOIS((19N4) Ve. eo docecscsccasct spec ncutancdesees teases ccseaneencna eae 56,75 
nitidulum: MyClOphurni sesccsseestessceeseeeneenee see eects PU SF LY: 69 
NMB [Naturhistorishes Museum Basel, Basel, Switzerland] ......... 
ESF Ae ds A eS a oe Rae eee one oe 48 ,52-57,61,62,66-75 
nobdilisGEONOAON.sscceectece we encae essa weer ooo sereneces Sipe DAS 
INOlE(UG TG) We sccesscaneco-patcceancast asset es wsacseere dees aes ... 47,49,51-56 
INGLE (UO S8O)Wceee ss ccoaecertonancuruectovanenemcooteereneaceese coswececoeets 51-54 
INDIE (UO SS) iS Bet cian. coe sunesses otap ee sseneenasesasese 49,50,53-56,60,61 
Nolfiand!Gapetta(li989))y sisccci conc cscessensstes-esesencesenose peecere es 51 
Nolfand(Mapierney(li97:9) ies cccsesaseseccceeseseve-cceesespeebecteres-eece 55 
Noland Steurbauti(1O88)iteccsatesssacecerencs oc creeeeeorene ee ene eeeeeee 51 
Nolf and Steurbaut (1989) BEBE C EUR SCORER OUR ES RUPE CHEATS 51 
IN (ON, |Dahg eae anno: ance BSA uSCEL GEC a SEECE GOO NEEo ica pa Rosen eae e 54,60 
North Amernicay sisesnesesevecssstsecessehencseacastecroasphacusmenaetees 47,61 
Ocyurus 
Chrysurusi(Blochty1i/9ill) oacere: cree sseresceeeeeees = 13StSee 59,71 
aff. O. chrysurus (Bloch, 1791) ................-- 1 Ee ea 50,62,71 
Odontoscioni Gilly iS 62a) eiscecccecees-cecee-eeccesoscecessacsssessesesesess 56 
Ogilby (1896) 54 
Oken\(1'817)) .........- 56 
Omostigmium: Otophidium) sic. v.ccssc-scneseresaneooeeascusceasseeseceee=s 53 
Onchorhynchus mykiss (Walbaum, 1792) ...............00200ec0eeeee 48 
@phidiidae rt se.cocccasas Seesecceocaveeseseenen sect sue eene oes onere 45,50,60,61 
OpPHiGhini ess osl cee sonsoecasseeese cceecnccsswaesssadsecevacestaenseeseeeeeee 60 
OphioscioniGills 18635 v.c.ceseesce cavens-cconesseeocesserec nace sees 56,58,59 
SP Muse ath vest tedesosnsecaomssteesewoes aeeeceaces Owe: 50,56,62,74 
(Foe eee nocd anes OA ce no ummactod ea uae eee 16sse. 50,56,62,74 
@pisthognathidack eres. ccteesscsestee we ae ae ese eceas ace ncaecdecee tae 50,61 
Opisthonemajsps re. scer ents ces ones ee eer ee OV ete 50,62,67 
Opistognathus lonchurus Jordan and Gilbert, 1883 . 15 ...... 73 
OPA WAVIF BrOLULA co teehee aos cote kes aan obec aueu sates sanesie feeekoncseuies 52 
Ostialrimmi[detined| erence. cecohcaescerousseeescetecescess Soteoreseeteanetates 49 
Ostivm [defined] |e cece sncesseccccenersscscntesvas=scever. ce acer. cove eaerenes 49 
Otophidium'Gillim Jordan, W885. ......---20-22-.--+--sse2262- 225935599 


chickarney Bohlke and Robins, 1959 .................:0seeeeseeee 53 


80 BULLETIN 340 
Otophidium 
dormitator Bohlke and Robins, 1959 ......... 1 sescee 53,53,69 SD 8 eee rc tree eee ee eee eae ne Oe 50,62,67 
dormitator Bohlke and Robins, 1959 ......... 1g Re ees 53,53,69 
indefatigable Jordan and Bollman, 1890 ........................... 53 Rafinesque: (1811'S) ccs csccceosessedasosceadex sense 56,57 
omostigmum (Jordan and Gilbert, 1883) .......................... 53 Ranzani (1842). csc secnsed cdo fe eeosen neat ee 50,70 
PODINSTANS SDS eacseaseretesenscencees ee DD, ence 45,50,52,53,62,69 Regan (1912) ..2252%.:cccts Le i Bie ee 67 
GO DUSTUIM=WTeiSD acces -eacescaes-e--c-eseeesees 12) ess: 45,50,53,62,70 Reid\(W934)) ccscccsccesevesxscuscec cctescesecesereseeleostes AOE 50,58,67 
Rhechias tysanochila (Reid, 1934) ............. De 50,59,62,67 
Pachy pops; Gilli ul'8 Gib escceecsseresseesecen seeeeeeseeeeehee eee eee 60 ThombedigM ONAri Giessen ee 14° 2x5 50,62,72 
Pacific Ocean, Robins!(1959a)) .. .:2..2e.b5 oeceesecetecscosn ce eee 52 
CASLEI Tc Sok: ovat cates wa daee aceon gu nseeiscanceeeeocseor neers Robins (1959b) <3. .cc..d.ccccccccs. cect ececctses sce soos o nett nee 52 
southeastern Robins:éf al. (1980) <.25; :..<0.ceccsccsscetces tosc0ssoaenee noe 56 
RWESLED I bo SPF o08 rohnert cme e a otow Saws oee reise oeates eae SOS SES Robinss Gy Richard as cees-o-recseesen ose nee 48 52,63 
Pacific plate Robins, Ray, and Douglass (1986) 56-58 
paracanthopterygian saccular otolith, morphology of ............. 49 robinsi, Otophidium .................00-+- Mies 45,50,52,53,62,69 
Parequesi Gillin! Goode, 187.6 ....ccececee oe ooo eanceeoeanesceseeel 0s 0,00 robustum, Otophidium .................0.-+-+ 12) Aa 45,50,53,62,70 
acuminatus (Bloch and Schneider, 1801) ........ NG) one: 56,74 TONCRUS BAITGICH Aire eee ete nen eeeeenee 16 ...... 50,59,61,74 
SD teen chs cack oor ONE ee are eRe Er ERE 16 = 50,56,62,74 Rosen and'Greenwood'(1!970)) s.2c.cececsczeesseeeese reese eee 48 
Parophidion aff. P. schmidti (Woods and Kanazawa, 1951) .......... Rosenblatt:and Rubinoffi('972)) -...2-2-..<-s- ee eee 58 
Pacuatudk sacataeteeceaat soem cevio te setts tae soe AQ 30562570 rostrurm [defined] «02. 2<<sse.secc ccvcceecaveecnesdonesosecce oOo Oe Oe) 
Patterson HColin « .ccc.0.d.0.c0c cowsnwe vanes varcess clneceeas soneeeanee a aaes eee 48 
PETUVIATIAN GLENOSCIACNON. ce 2. srcee sans estere seoeee tees sare sceseee seen eee 55 Salvelinus fontinalis (Mitchill, 1814) ...............0...2eceeeeeeeeeeees 
philadelphica, Centropristis ..................0.0cc0eeeveeees 19% 2x 71 Sample) KR: 111/862 of Nolfi(1976)) ..2.<.2-sce-ceseaceseee- ences 
Plasioscion) Gill Sil'8 Gib vex. seco saeeeeeeeee essen ee see eaeoee a ee 60 sample size) [GisGussed]|..2... --2--cc--sec-seee soos ee re eer 
Pleuronectidae!Rafinesques Ji815i7.....cc-cceees ces =see-censes ees $0,57 Saul William! Given sosecs once onc oie ee eee eee 
2Pleuronectidae indets .--.....-+6---.-+----- LEO U Tes. 50,57,62,75 sauli, “genus Dinematichthyinorum”® .......:.-2-<<.--ss:eseseseeerstee eee 
Plotosid tere erty eee aes eR a eae ee SO Fe eee 124.2 45,50,53,54,62,70 
(Plotosusacepedes W803) ..c-sce.<< cece see eeseee eee. eee 45,51,54,59,60,62 Saunders, Jung, and Biju-Duval (1986) .......... 46,47,50,57,58,61 
‘anguillarisi(Blochs N94) econ eee. 2 were sane LOR. % 51,68 Saurida caribbaea Breder, 1927 .............. $0,59,62,68 
SDixdasesies sbaeedadeteercre Metts owewdeevedeseateneawoesees OP ea: 50,51,68 SQXQUIIS, MMENLICITTRUS: <.0..occccccdoc dnc soe nen eee Oe 56,74 
Roey (USS8=I8 Gill) in. sees ee secs z ase ocetee nec anocssnoossoseoom ees 50,71,73 Schinzi(@l822) 0s escseosacoesscdseen eee sesgeedice tuaeneceeeeee 60 
POC Yi GUSG 611868) oecc.cec.ccce. cos cesee cece ececasc er eee eee 58 schmidti (aff.), Parophidion .............. JA 2a $0,62,70 
Poey (868) cena Sieh. Re ee See 70 Schubert: (1909) i sscecc sccesca<scnccccscwstoes ees eee 47,61 
BOS VA (UST S=1Si7i1) pcaeee nosso sce sce sees seuss aco oo one 58 SciaenaTannaeus: 758) 52.22. socsc.c0csesc sates setae serene 60 
Poll (1953) 58 Sciaenidae 
Poll (1954) 58 ScopoliQl777): ccd. eked casein ca toa ose de eee OL 58,61 
Poll (1959) 58 SCompacmidac: ....06cccc<c0 ioe. coes cence coswscces dees Sa0e sOee CORR 
Polyclemus Berg, 1895 60 TDIGG te peseeeecee eee eee ere eee 
ROLY AACIYIUS #8 cesses oss eae cao RO 59 selenops, AViOSOMG ...........00+000e-00000* 
SPE fer rork oe tow oes cae datos ans Succ tresccresnecee sea eees 15) %23.8 50,62,73 selenops (aff.), Ariosoma ...............+.+ 
VEFLINICUS (LANNACUS, 11758) eeces-cee ee ceeee een ee 1S). 73 Serranidae: oscccdaseecc ces sso sddee de ove idea ecdsook ee 
BOLVI DRAUSS 0.2. so naa decaa Na see aceon cuss cok vesieeveottere nee OO S€MTLETS CONOGOM: wsscskcasccccasseckese ee 
SDS eet ecsuencseteceesdeen sevens Sirem Dinter cone. ccecccoceeeaote ee ees 
POLY INE oer Cesc toca Ss RRB ea Re ocho ote OE Smith and Kanazawa (1977) 
SD nee ee Scns enn nee SaaS nea ae Smith, C. Lavett 3 
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Synodontidae eaeasctosmsecescesteonscstecer ase tae eeendgee sven emeasmacenare 50 
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(GeOrgiatcccscrrec sire ccs ee eee eee see aan sees Nomncmenasccescoatess 
Gulf Coasticssescecte ce scave ne eocaeerete cx eetatesscaseeas 
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arate monographs in two volumes each year. This series is a publication outlet 
for significant longer paleontological monographs for which high quality photo- 
graphic illustrations and the large quarto format are a requisite. 


Manuscripts submitted for publication in this monograph series must be 
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erences). All manuscripts should contain a table of contents, lists of text-figures 
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taxa. Format should follow that of recent numbers in the series. All measurements 
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